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introduction

Superinsulated housing isn't new. In 1976, the
University of Blinois Small Homes Gouncil published
a circular on lhe Lo-Cal House, The repart was a
compuler study of the erergy needs of a home using
sizable amounis of insulation and air tightness quile
different from ihai of hauses built to comply with
then-current building codes,

Besause of the rapidly chimbing energy costs of
the 70s and the extremely cold climate (11,000
Degree-Days) of their Prairie Provines, Canadians
quickly experimented with this type of construction,
Much of the early suparinsulation research was done
at the University of Saskaichewan. One of the
earliest “"how-to" books on the subject was “Hous-
ing— A Prairie Approach” prepared by the
unversity’s machanical engineering department and
the provincial division of the Building Research
Council.

Singe this beginning some 10 years ageo, hundrads
of homes have used some or all of the concepts first
gutiined by lllingis, While some earty mistakes were
made, relinements in both techniques and equip-
ment, as well as the advent of new producis, have
made this conslruciion style one of the most promis-
ing of the energy conservalicon programs.

The firs! sections of this manual deal with the
theory, terminolagy, and general inlormation
aviilable about energy efficiency in the building en-
vironment. The second deals with wesidential con
siderations like singlefamity detached and mulfi-
family structures. The appendix holds tables and
other information that will 2/llow you to utilize these
ideas.

Macro-Climate

A region’s general conditions make up its “macro-
elimale.” Temperalure in degreedays, wind direc-
tion and speed, solar insclation, percentage of
possible sun, latitude, altilude, design temperajure
and moisiure concerns {humidity, average mintall,
snow load and frost penetration depth) are the major
macro-climalic congitions.

Temperature

Temperature is the rajor determinant of a
building's engrgy consumption. The temperaiure
loads on buildings are indicaled by the number ¢
degree-days (DDs), both heating and £aoling, 2nd the
design femperalure.

Heating DDs are used to determine ihe seascnal
heating load in an average year. The design
temperature indicales the load's severity during the
mare extrame times of the year. (Design lempera-
ture = that temperature exceeded only 2.5 percent of
the lime.)

The DDs and winter design temperatures for North
Dakota are in Appendix A. We've also provided 2
macroclimate worksheset, 50 you can compibe all
relevant data for your location in ong easy-ic-use
chart.

H your location isn't listed, extrapolate from
available sites and your own knowledge of your ioeal
ciimate. A sheet using data from Farga, North
Dakota, will be the basis tor all examples in this
rmanual.

Wind

Knowing about wind speed and prevailing direc-
tion can be useiul in three ways: optimizing natural
yertilation and cooling, minimizing winter heat
loads, and determining the feasibifity of wind slec-
trical generation,

To optimize summer ceoling, place ventilation
openings 1o alow circutation when 1he cooling wind
is from the prevailing direction. To minimi2e heat
ioads, its best to locate windows and doors where
they'll be protected from $he prevailing winter winds,

tf the two options confiicl, emphasize the con-
sideration creating the greatest encrqy load whether
heating or cooling. n most of our région, heat lzad
reduclion is a more pressing concem.

Solar Insolation and Percent of
Possible Sunshine

Enemgy-efficient structures are the ideat can-
didates for passive solar technigues.

The information you will want is solar insclaticn
farmount of solar energy) and percentage of possible
sunlight. Values are for these items are given in Ap-
pendix A.
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Latitude and Altitude

Because it makes winter solar performance vary,
latitude must be included. And, because it deter-
mines sun angles throughout the year, it's a necessi-
ty in daylighting and shading analysis.

Altitude aflects air clarity and density, Clarity is
usually higher in high |ocations, ieading to solar gain
increases. High aititude's lower air density lowers
the heating foad due to infiltration.

Moisture

Moisture concems are a mixed bag. Some are
structural safety concerns, such as frost penetration
depths and snow loads. Yalues for these are usually
code-defined. On the other hand, average rainfall and
relative humidity affect drainage problems, comfort
levels, possible material selection and construction
techniques. We'll discuss these matters as needed.

‘Micro-Climate

“Microclimate” describes site-specific condi-
tions, such as stope, vegetation, air movement and
shading.

A southem slope impact moves the micro-climale
hundreds of miles south. Likewise, a northem slope
shiits it in a northerly direction.

By changing prevailing direction and velocity,
slopes or hélls can aiso intiuence wind direction and
speed. Hills may funnet the wind, increasing average
velocities, or break it, decreasing them. Slope also

influences air movement by focussing cold air

Maountain valleys, for example, have fog and frosl
conditions not found farther up the sicpe.

Site vegetation is a double-edged sword for the
builder and developer. While it can provide needed
summer shading and c¢ooling capacity, as well as
breaking winter winds, it's just as likely to shade and
funnel winter winds. The builder should carefully
base decisions for either removing or planting
vegetation or its impact on a proposed siructure,
For example, will a structure shade or influence wind
paiterns? And, alihough few conflicts between sun-
tempered structure owness and their neighbors have
occurred, it's probably due more 1o the scarcity of
such buildings rather than to great planning. Poten-
tial development consideration is important.

‘Site Characteristics

Two site characteristics should be considered
Both earth sheltering and building orientation create
opportunities for energy conservation.

Orientation is a structure’s site placement. Orient
structures to allow exterior areas to be used.
Generally speaking, cutdoor areas will be used more
often if they're efther south or gast of the structure,
as comtfort is available during a greater part of the
year on these hwo sides. Morthem exterior spaces
get the lowest use because of their low comfor
lavels most of the year.

1f heating is your main concem, orient your struc-
ture to use solar gain. Conversely, if you're in-
terested in cooling, orient the building to exclude
the sun. However, almost all structure orientations
are adequate as iong as window and use-area
placements are sensitive 1o needs. Exact placement
is less important than the proper planning of interior
use and window openings.

‘Heat Transfer

If you're going to buitd an energy-efficient struc-
ture, you should understand heat transfer. The
tollowing section will help you understand siructural
energy flow.

There are four modes of heat transfer that affect
human comfort: conduction, convection, radiation,
and evaporation.



Conduetion

The heat flow from molacule to mokcule within a
sirnicture is conduction. You can see the process act
on & skillel kandle when you hold the skiilet over a2
burmwar, As the skillel wanmms, the Geat (s conducted,
malecuie by molecule, to the handle. Pot holders are
family monumenis tc conductive heat transler's ef-
factiveness,

The abillty 1o conduct heat varigs trom material to
material, Those that readily conduct heat are called
conductors, while those that resist are called in-
sulators.

While working with building materials, two terms
are used when calcuglating heat loss. The first,
U-value, rafers to a material’s conduttivity. Howewer,
since U-values are hard to manipulate when a variety
of materials is vsad in combination, F-values are
£ten used instaag. (R-value = 1/U-valug)

Because Rvalue is additive, computing struciural
heat loss when many building materdals are present
is gzzier. We've listed both R- and U-values in Appen-
dix B.

Comvection

Both torced and natural convection happen
becavse fluids setile whent cocled and rise when
heated. A5 exampies of natural conveslion, watch
chimney smoke rise and feel cog! air on a window
tafl.

Forced convection is used in most central heating
syslems, Inthesk systems, a fan or pump moves the
fluid to the end use point, usually at Hoor lewel,
where iI's allowed to Nse and heat the raom. As the
air cools, it falls, is recovered through a cold retum
and recirculated through the system.

Radiation

Radiation is the transfer of heat by elec-
tromagnelic waves. Hadiaticn heat transfer is a funs-
tion of the temperalure difference of the objects in-
volved,

Solar £nergy is the best example of adiation. A
person sitting m direct sunlight, in still air at GO
degrees Fahrenheit, will feel warm. Remoring the
sunlight will lead to a feeling of being col even if
the temperature remains the same,

The massive flow of radiation to 1he earth shows
us the effectivengss of this type of heat transfer.
One of the most desirable eftec1s of radiant energy
15 ils ability to move from wamm to cold objects
without heating 1he air in between.

Evaporation

Evaporafion is the process of vaparizing a liquid
(water) and transferring the heat to the environment.

Humidity levels influence evaporation; durng high
humidity pericda, there's little evaporation heat
tranzter, However, if erwirgnmental humidily levels
are {ow, svaporation heat transfer is rapid. Energy-
efficient struciures maintain higher humidity levels
during the winterl, re&ducing their Coupants’ evapora-
tion heal loss to the epvironmeni and |=ading to a
higher comfart level

Heat transfer depends on physical properties. The
terms 1o understand are mass, heal, BTU, and
lemperature.

Mass

Mass s the amount ol material in an obpect in
pounds. It has an Impact on the thermal cycling of
buildings (daily highs and lows} by zerving as a
damper. {t also serves as a storage mediurn 1or solar
energy, allowing hmited carryover from sunny o
cloudy days.

Heat and BTUs

Heat i5 measurad in British Thermal Units (BTUs)
or caiories. One BTU will raise the temperature of
ane pound of water one degres Fahrenheit. {The heat
generated by a kilchen match roughly equals one
BTU.) One Calorie will raise the temperature of one
liter Of water one degree Celsius. (A Calone equals
3497 BTs=),

Temperature

Temperature differs from heat in thal it is a
measure of heat concentratioh in a Mass.

For exampide, we can add the same guantity of
energytheat, 10 BTUs, to iwo water coplainers, one
holding one pound o1 water, the oiber 10 pounds.



The quality, ar ¢ongentration of enargyliemparature,
of tha twa corlainers changes quite gifferantly, Onea
confainer's temperalure  will rise 10 degreas
Fahrenhelt while tha olher's will only rise one.

Heat Loss

Tha tollowing heat 10gs procedure was borrowed
from the Passzive Solar Design Handbook, ¥alume 2
{availahle from the National Technical Inlormation
Bervice (NTIS), No. BOEBCS-012F2.

The following calgulations may be uvsed for all
slructuras wilh mainly heating or cooling loads. For
commersial of indusirial construction projects,
which have large internal loads and special ventila-
fion  requirements In the energy load, follow
ASHAAE' progedures, Some F-values are listed in
Appandix B.

Walls

= — Wallared
bo 24 R-value of wall

1
Where L, = heat loss through the wall in BTU/Degree
Dary (DD}

Where wall area = {perimeter) x iceifing height)
— {window area} - (door area)

Windows
Lg oy _ MODOW Ared
number ol glazings

Where 1.;| =huat losz through 1he glazings in BTUMegree
Lay

Where window areg = net glared area of all windows

Parimeter isiab-on-grada}

length of perimetar of toyundaton
R-value of perimeter of ingulation +5

I.pn 100%

WhErE L, < heat inss thiough panmeter in BTLDegree Day

TASHAAE: The Amencan Sociely of Heatng, Retngamtion and
A Comdithoning Enginadars.

Finor {over vanted crawl space)

Ly=24x area of ground 1loar
Bvadue of ceiling

Whara L; = heat lass through the toor in BTDegres Day

Basemen! Walis

Ly, = 32 x Jangth of walt x

]:neigm batow prade

neght abovs ground
Rwvplye of wall + 8

R-value af wall

Honmally, only one of Lp. Ly, and Ly, witl apply.

Rood

roaf area

L=2ax =5
Fvalue of celling

Whare L, = hea! |o3s throogh the roo! in BTL Degres Day

Deors
Ly=24x _ Yoorarea
Fwalug of dewn's

Wihere Ly = haat l0gs thigugh Lhe doors in BTUDegree
Day

Infilkation

L; = (0.437) « {average alr changeste) x [ADA) x ceiling
heighth x jcombdined srea of all Tlogra)

Wnere L = heat lass through infillration In BTUDegrs
Day

Where ACHR = air densily fAtio delanmdned by using Figure
1.

BLC

When you've calculaied all the apprapriate figuras
for the structure you're studying, add them tegether
o amive at the Buliding Load Coetficient [@1L0).

BLC= Ly +lg+Llp+Le+lgt+l
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Alr Dprally Pl g {ADA]
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Flgums 1. The Alr Bensity Ratio (ADR} jor diltarert glowe-
Hibas.

Soume J. Douglas Balcomb al al. Passive Solar Design Hardbook
vol, 2. Pac=ive Solar Deslgn Anzlysis: (Lot alames' Scentific
Laboratony: LS. Dapan menl ¢l Enmrgy), 1980, p. 35,

HMote: H there's more than ane building compo-
nent configuration {different R-value, diflerent
number o glazings, elc), calcutate a separate
number for each configuraticn.

Example

Consider a 24 toot by 40 foot house with tull base-
ment. Component A-values are: walls [(B-19); ceiling
{R-38); double-gtazed windows, with 100 square feel
ol arez doors with a total area of 38 square feet
{R-1.5); basement with iwo heel above grade and Six
feet below grade insulation (R-5); infittration equals
5 air changes per hour. The house is in Fargo,
North Dakota, at an elevation of 890 feet.

L,, =24 x (126 x (8) - (100) — {38} = 1,119 BTUMDD
19

Lg=26x1_m..-=1,3m BTUDD
2
-
Ly =32x128 x[j+ _2J= 3,529 BTUWDD
13 5

L, = 24 x 960 = 06 BTUDD
38

Lg=24x 3 =260 BTUDD
a5

Lj= 1D.432) x {.65) % (.97} X (81 (1,920) = 4,784 BTU/DD

BLC =1,119 + 1,300 + 3,579 + 608 + 260 + 4,184 =
10,298 BTUDD

The BLC Is usaful in four ways:
t. To size the hoating sysfem.

BLC x{70"F —design tempesatura)
24

= heating system size [delivered
1o space) in BTUs

10,558 x {?24 F{=22} _ 42 126 BTUMN

dellvered to space

2. To compamns ditfering structuses” snangy losds.

BLD .
e _— = BTUDLHIE of )
2 of living space wing space

10,998 2
=573 BTUIDDi
1,920 i 8

{This figure's usefu! as a marketing 1001; the lower
the ligume, the batier)

3. To analyze whore opportuniiias for further con
sarvallon exlst.

To do this anaiysis, you need to break down the
heat losx componenis irto percentages of the BLC.

BLC _ 1019 | 1300 3528 606
BLC 10,998 10,988 10,998 )59
4284
10,958 %'

100% = 102% + 11.8% + 32.1% + 5.5% + 2.4% + 38%

RO



This percentage breakdown allows you to easily
sze which components are losing the most energy
and thus allows you 1o ook at allernative methods
and materials that can have lhe greales! impact an
ERYFiNgs

Inn the example, it's obvicus tha basement walls
and infiltration are the real problems. As an experi-
ment, let's thorease the bazsemeant insulation to R-17
and reduce air infiltration to Q.1 air changes per hour
ol uncontrolled nfilization, plus a resyltant 9.1 air
changes per hour by venlilating 0.5 air changes per
hour through an B0 percent efficiand air-to-air hoat
:uchanger. (This gives us a total 0.2 air changes per

our.}

BLC =1,119 4 1,300 + 1,465 + 506 + 260+ 1,287 =
£,037 BTUWDD

By atltending to these two areas, wa've reduced
the Reating load 45 pergent, The value of this type of
analysis is cbvious: it aflows you to target those
areas where maxinmum enargy conservation impact's
possible.

4. To esdculats the yearly heating bill.

You can calculate the yearly heating bill for an
average yoar by using 1he following farrnulas:

BLC x yeariy degree-days = y=arly heating load in
BTLs

Mulliply the yeardy heating lcad by the appropriate
conversion tactor from Table 1,

Hote: Some agencies use the Thermal integrily
Factor (TIF) lo measure thermal pertormanca, In seg-
tion 2, we calculatad the BTINDDH TIF uses the
same units, bul takes into account heat gains, such
az solar gain through south windows and intemai
galn generaled by oocupants.

In homes bullt betore 1960, 1he TIF averaged 12
BTLDDMt2 Aftar 1970, Iha TIF averaged belween 7
andg 9 BTUDDH 2, A superinsutaled home may have a
TIF of abaut t BTUDIDNH.,

The TIF was developed by the Mid-Amernican Sclar
Energy Camplex (MASEC), and 2 number of superin-
sulated homeas use I as a measure of tharmal pertor-
mangce.

IT you calculats the heat losses af the structures
you're building, you'll gel a much better idaa of what
goes an ingide a home or office when it [oses haat

The calculations are retatively simple for most
siructures, and we urge yvoul 1o become familiar with
them so you £an maximize energy efficiency at a
minimum cost. You can duplicate Warksheet 2 for
use in your day-to-day work,

Cammon R-valves are in Appendix 8.

Tabie 1 Healing CToat Corwarsion Factors

% Cost Per MCF
11 1 —_—
atural Gas 1,000 K0 x Furnace Efticiency
il § Cost Per Gatlon of Oil
138,680 x Fumace Efficiency
Electricity 3 Cost Par KWH {100%: Efficiency gssumed)
413
I 5 Cos1 Per Sherl Ton
Coal iLignite 14,000,000 x Furnace Elliciency
5 Cost Per Cord
Wood thardwood) 18,000,000 x Fumace Efliciency
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BLC =

Heat Syslem Size

BLC x (70°{Design Tamperaturalj = Heat system size {(ETUMr.)

24
x (T0°4 )+ 24= ETUM.
x (004 B 24= BTUfhe.
» (70" B-24= BTUML

Yearly Heating Cogl

BLC x Yearly Degree-Days x Healing Cos! Conversion Factor = Yearly Healing Cosl

Heating Cost Convarsion Factars

5 Cosl Per MCF

| G
Natural Gas 1,000,000 x Fumace Efticiency
% Cost Per Gallon of Qil
il
0 138 880 x Furnace Efficiency
4 Cost Per KWH
tricit
Elactricity 2417
¥ Cost Per Gallon
Propane

91,600 = Furnace Etficlancy
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BLC ={10,996) {5,037) {4,978}

Heal System Size

BLC x (70*{DesignTemparature)} = Heat system size (BTU/hr.)
24

10,998 » {FO°-22)} + 24 = 42,158 BTUMr.

6,037 x (70°{-22)) = 24 = 23,142 BTU'hr.

4,978 = (70°4-22)) + 24=19,082 BTl

Yearly Heating Coslt

BLC x Yearly Degree-Days x Healing Cost Comversion Factar = Yearly Haealing Cosl

10,998 = 9,271 x 035/3413 = $1,046
6,037 x 9,271 » 035/3813=5 574
4,978 x 9,271 » .035/3413=% 41
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Design Concerns

The five crucial components ywou must consider in
energy-efticient residence design are: adequate in-
sulatizn; a continuous vapor barrier an air-te-alr heat
exchanger;, energy-consefving devices and ap-
pliances, and attention to detais.

Once youw've ensured these five components, the
tollowing design considerabions will turther reduce
energy needs. Design phase care i a great way o
reduce engrgy consumption,

Firgt, siluate the home with its iong axis east and
west, Mext, design often-used spaces, such as kit-
chens, iiving and dining résms, with open ptans that
allow heat and light sharing

Cloze or izolate occasionally used rooms =0
1hey're healed only when used. Flace less-used
raoms on the north, Garages, laundries, and storage,
flairwarys. hallways, and workshops make fing buf-
ers.

Place rooms according to thair Lime of use
Bedmooms and kitchensz [ocated 1o receive moming
light are gften gesiablie. Pyt daytime living spaces
on the south, where heat and Bght are easity
available,

Baiance openings for sommer ventilation and
Isolate or vent heal-genemting appllances for sum-
mer cooling.

Cluster plumbing lixtures near the water heater to
mintmize piping runs and heat loss. Concentrate
windows on the strecture's south side.

Finally,  vou have a masonry chimney ot any kind,
locate it within the building envalope a0 it will serve
as a thermal mass. Rernember, a chimney, in addi-
tion to heating, also serves as an excellend cold sur-
face when it's nol in use.

The Building Envelope

Energy-efficient wali matenals are traditional.
However, 1he ways they're used may be naw 1o the
builder.

In walls, commonly used materials include two-by-
tours or two-by-sixes, However, If you want a wall
thicker than 52 inches, you'll find it easier and more
cost-effective 10 use a double two-by bour wall The
thickness you desire. In the technigues section,
well discuss the way you can assemble these
matenials on-shte,
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Floaring matenials are also traditionai. However,
it’'s imperative to compare the costs of different
materials and the lest resulls that may allow
substilutions.

Any flgar above & crawl 5pace or basement should
{(unlesz the foundalion or basement insulation is
adequate) be insulated.

Basements are part of 90 perceni of &/l the homeas
in Marth Dakata, Tha kay material 1o considar is ap-
prapriate basement insulation. We'll discuss insula-
ticn matenals later.

Adequaiely insulated roofs or ceilings presant
s50me common problams, |n trussdvpe  roofing
sysiems, for example, l's easy Lo provide adequate
nsulation deplha, except along the area diracteby
above the exterior wafls,

You'll need mom tor fullf insylation depth girectly
above the externor walls, plus enough clearance tor
ventilation, Twe inches of clear space above the In-
sulalion will provide adeguate ventilation,

If you want a cathedral or other combined raof-
ceillng, it's difficull to Qet adequate insulatiaon
Rwvalug using standard construction lumber. Even if
twiby-twalves are used, it's still pogsible ta usa on-
ly nine inches of batt insulation and still provide wen-
IHation,

A 20 FAvalue s simply inadeguale for ceiling
areas. The besl options are plywood-type roof
beamns, with enough depth to aliow insulation
Rvaives I¢ increase 1o the B-50 or RB-50 range or a
board-type insulation, instalied either over or under
slandard framing matenals, The optign you choose
will depend on the comparative costs of the two
systems at the {ime you're building,

Energy Cost Factor (ECF} and
insulation Levels

[t's apparent that a way to determine adequate in-
sulation values musi be used. We leet the generaliz-
£d insiuation curve |Flgure 2} is a good way Lo decide
what insulaling values are best. The procedure far
using this graph is:

Calewlate Energy Cost Factor {ECF),
wsing the following Tormula:

ECF = (7.03 x 10- x {tust of energy
S/WH) % (Degree-Days) x (discount
factoy, where discount factor = moni-
gape period (yaars) < 1.1

Step 1:

FUURRRTTAR T ET



Figume 2.

Energy Cosl Faclor (ECF)
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Example:

Step 2

Exampla:

Calculale the ECF tor 9,200 DDs for a
30-vear mortgage. Energy cost of $.035
per KWH.

ECF ={7.03 x 10" % ($.035/KWH) X |-
9.200 DD x (30/1.1)i5 ECF=81.7.

Plot a harizontal linge from the ECF to
the increment insulating costs cutve
and down to the R-valge.

Cellulose insulation al $02F2A Ina
cejling. Oplimum R-vaiue is R-56.
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You'll find It usefut in your analysis to fil! out
Workshes! 3 and keep it cumment. By having up-to-
date cost datz on insylation {both matenal and
labor}, you'll be ghie to use the graph 12 easily
caiculale optimum (nsulation values. Because the
farmula aliows for ditferent degree-day uses, it's
easy tp adapi it to your individual situation,
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MATERIALS

Insulation

Reducing conductive heat loss through the
building envelope 1% insulation's main function,
Thus, the primary concerns with insulation are
R-values and costs. There are many insulaling
materials on toddy's market, including cellulose,
firerglass, expanded and extruded palystyrene ancd
urethane.

Cellulose

Ceilulose is a loogeill insulation material, mas!
commonly used in ceilings. While its R-values may
vary depending cnapplication, a value of 3.5 per inch
can be assymen,

Celitiose has a lerndency to zettls, and thizs will
create a gradual lowering of the B-values over time. |f
it"s applied m walls, up to ane-third settling may oc-
cur, leaving an uninsulated wall area with massive
heat loss,

If you apply ¢ellulose to 8 wall, maintaining & den-
sity of 2.5 10 3 pounds per cubic foot will hetp avoid
setthing problems,

When properly used, cellulese 15 3 superb Insula-
tian. Little energy is invested in the manufaciuring
process, s the lang-term cost cutlopk is batter than
it is for other materials with high energy inputs, it
needs a vapor barrier, has no known major health
hazards tor applicators or resideants, and can be reap-
plied it seitling has had a significan! impact on the
A-value,

instances of non fireretardant cetlulose have ap-
peared. To ensure firg safety, it's always a good idez
to try a burn test on any cellulose, Simply hold a
handful next to a flame; f i1 burns, reject it. AH
celiulose insulation sokd should have a label in-
dicating that it meets HUD standards for tire
resiatance and NoN-Corrosveness,
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Fiberglass

When applied as baits or rplls, fiberglass has an
approximate Rwvalue of 2.1 per inch. Coming in 16,
24-, and 4&-inch widths {1he last is barder to find), it's
the predominant insulating materlal tn American
building construction.

Fiberglass needs s vapor barrier and, for all prac-
tical purpeses, is fireprool. However, it does pose a
hazard 1o lhe applicator's lungs and skin. Take
special care when appiying il. (We recommend wear.
ing a mask and full body covering.)

While fibarglass costs run slightly higher than
selluless costs, there's no better insuiation tor stan-
dard framed construction walls and Hloors. Construc-
tion crews are familiar with its application, making
its use in supertnsulated construction easy.

Incidently, the Wraft or aluminum facing on
fiberglass batts arrodls isan ingffective vapor barriar
unless it's ssaled. Also, the adhesives used in kait
and 1oil barriers may be flammahle and should be
covarsd after they're installed.

Expanded Polystyrene (Baadboard)

Made of beads fused with Meat and pressure,
headbcard is rated at B4 per inch. As a petrdeum
product, it's direclly affected by energy cost escala-
tions. Coming in 4-toot by &-loot sheets of varying
thickness, it's easily cut and can be used to insulate
basement interiors, shutters, and masonry walls,

However, it does have several disadvantages
when wsed as insuviation. IF exposed to sun, it
deprades quickly and must be coverd when used in
exposed positions. |t produces dangerous fumes
when burning, so it must have fire protection, such
as sheeirock, added for interiar applications.

It will alsc take on meisiure, reducing s in-
sulaling value, so it meeds a vapor bamar,






When applying any petroleum-based board insuia-
tian, make a compatability 1est between the insula
tion and the adhesive. Some adhesives will eat into
the insulation and fail to bond properly. Testing com-
patability is esseniiat tor a proper bond.

Extruded Polystyrenea

Styrofoam is the registered brand name for an ex-
troded polystyrene insulation board manufaciured
by Dow Chemical Company. Three other companies
now produce thus fype of insulation.

Because H's extruded, it's bighly impervious to
moistute penetration, making il quite desirable for
subgrade extetiof insulation applications whefe
mgisture may ba prasent in concentrated amounts.

Tongue-and-groove configurations make an ex-
celient air infiliration barrier when used 22 an ex-
terior sheathing. It has an Rvalus of 5 perinch,

Extruded polystyrens must be covered 1o protect
it from the sun. H also burns readily in vertical ap-
plications, forming dangercus smoka and fumes. In
interior applications, it must always be protacied by
a fire-rated covering. Casts will vary.

Urethane and lsocyanurate

l{rethane and isocyancurate insulations are
available in sheet form for easy application. Their
R-values are 7 per Inch.

These materials, often faced with gluminum foil,
are commonly used ih new construction to bring a
two-by-four stud wall up to B-19. However, there are
saveral difficulties associated with these products
that you should understand.

First, they're petroluem praducts, with associated
405t probiems.
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Second, they're foamed with freon, which has a
higher resistance {o heat transter than air until It
begins i condense at - 20 degrees Fahrenhbait,
Urless it's been tolally sealed at alt edges, freon
migrates from the product. This means A-values
cecline with age in mos!t applications.

Third, urgthane and isocyanurate will take on
moisture and shoukdn't b€ usad subgrade or withaut
a good vapor barrier.

Finally, since il's highty combusilble, urethane
musi be isolated Trom the living space by a fire bar-
rier like sheetrock. Whilke isocyanurata insulation
has a much lower fine spread rating, it still should
have fire protection.

Vapor Barriers

A vapar bartiel impedes water vapor's passage
from the interict space intd the wall cavity and out-
side,

Intesior moisture evels are usually high encugh to
create a large vapor pressure differential between
axterior and intetior air. If the barrer zliows vapor to
migrate through the bwilding envelops, condensa-
tion is likely. This leads to mot problams, peeling
paint, and reducad inSuIatim:l affestivenass,

Yapor barrier inlegrity & one of the five cardinal
poinis o building an energy-efficient structure, A
highqualily wvapor bamer also allows you (Lo
drastically cut infittration heat losses.

Six-mil polyethylene film iz the mosl common
wapor barrier material. Two other recantiy developed
products, RUFCO and TU-TUF, have also been suc-
cesslully uzed.

Insialling these products means close attention 1o
detail. Racommended placement details and joint
treatment are shown In the section on building
details.

Availablg Kraft- or foil-faced insulations are inade-
quate vapgr bammiers unless they're seajled, Because
sealing is difficull and time conseming, unbacked
inzuiation covered with a polyethylene vapor barrier
ar equivalent is a good strategy. An &r bamier
sometimes ysed is a product known as TYVEK. This
sheet matenal allows water vapor o pass through
while restricling air movement. IT's installed on the
sheathing's exterior.



Windows and Doors

Buiiding envelope opanings have an effadt on
bath healing and cooling loads. in most cases, while
occupying less than 15 percent of the envelope aga,
thay stlll constitute a majar part of thé energy load. A
good naie-gf-thumb tor window amea is between 8 and
10 percent of the faor area with the major percen-
tage on the south side, enough area on the north
side tor visibility, and the remainder on 1the ¢ast and
wast siges.

The window units shoukd be of good quality and
well bwill with good durable weatherstripping.
Double-glazed windows have become standard on
conventional new homes. Triple- and guadrupie-
glazed windows have a beiter insulative quality com-
pared to double-glazed windows, bul probabty more
important provide a window system that will toleratle
higher inside humidity without condensaiion. The air
gaps in multiglazed wirdows should b greater than

378 inches 1o gain maximum bensfit from the alr
space. Window systems with metal frames should
inctude a thermal break.

In selecting the window system, the factors men-
tioned az well as costs will have to be analyzed.

Rathar than making a bianket statement about
how many glazings ars needed, you musi analyze the
air gap zltuation and cost differences between n-
tegral window layers versus adding a storm window.
Again_deveiop a window cost sheet, much like its in-
sulation cost counterpart, that will let you compare
cpiions.

Doors are a double concam. They'ra a load source
by both conduction and infittration,

If you're instalting a door, make sure it's insulated
and high-guality weathersiripping is used. tf all other
design and construction measures are takeh to en-
sune an extremely tight home (high-quality windows,

CAULKING MATERLALS

Typn Ratativa Coxt Duwabillty Installation Commenis

Oil o Rexin Basa ) townst pood poear Mol lor lang-temm caulkng

Lalay Paye lorw goad fair Some shrinkage

Butyl Rubber . lorer good tair Heat Hor mawang jconts

Porvinyl Acetaie medhm good fair Shrinks and harderss

Haoprate Rubber madiummigh oo mood Concreto wallstioundations

Sl high pood Food Ramaing Raxibianot paintabla
(ot 10 concreiel

Pohysulfids nigh needs primer oo Gan oy oul

Pobyurst hane migh good good

Hypalon high oo good MOt raadily Availaiie

Polymaric Foam Righ g good For 5ill plates andwla_.t_'gu -1

Sub-fioor ddhesliwmas esdicem - = goced For paly wvapor barrinra

Acousilicsl Sealants e [r et ] goad For Doty vl BarTiers

WEATHERSTRIPFING MATERWALS

Daaat o OO

idhesdive-backad Foam L PO Baxy

HairFalt Terw i BTy Wil compact

Foarn with wood meadiufm lair ety Foi windows and doora
backing

DooT SweshHs e ium talr xSy My G on CATal

Spring malal hilgh nucallent Sy For witowa g deors

Ralled Viny LA Lsmitum high talr myadiem For windows gnd dogrs

Docr ShomaVinmyl Bulb high axcellent ditficudt For doors only

Banptiae ROkt Aorgus. The Sell Teospersd Fowss Sengy EMcienl Balaling lur Calst Chanalny: Frsraatls Eray o Cormon), W0, p. I,
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continuous vapor barrier, high-quality cauiking ar!d
gealing), You may not need an air lock vestibule In
new construction.

It appears occupant lifestyle may ba 1he ovarriding
concem when considenng a vestibule. Door traffic is
related to the number of occupants, their ages, and
thaeir lifestyles.

A family of six with four children under 12 may
very well need a vestibule. An older family may not, A
tamily that frequently entertains may need a
vestibule, whila one 1that doesn't eplertain often, or
invites few guests, probably won't. Onée again, it's
obvious blanket answers just won't work,

Building Technigues

There are lour components 10 an anergy efficient
struciure: high insulation levets; a continueus ang
carefully installed vapor bayTiern, an air-to-air heat ex-
chanyer; and energy-saving devicas and appliances
within the building, Careful attentian {o all four will
allow you to maximize savings.

Ceilings

With iha exception of the exterior wall ling, where
special framing may be nesded to provida adequate
depihs, attics are large enough to insulate,

Install insulation stops to ensure adegquale vantila-
tion and prevent spillage into the soffits, Pay special
attention to the attic access door. If it"s inside the
nome, inzulate and waatherstrip {t welt. Preferably, it
should be located in a gable end when located out-
side, YWhen outside access is prowided, most access
protlems are solved.

Note: If you're going to use blown insulation, it's
very importani to enswre consistent depth, Flace
three of tour strings across 1he atlic space at the pro-
par height o make a consistent application easier.,

Cathedral Ceiling Insuilation

Cathedral ceilings create special insulation pro-
blems. If fiberglass batts ane installed in @Hers, dep-

thg bayond ning inches ane impossible. Since finish-
ad rafter systems can preduce extra living space at a
reazonable cost, and are oHen desirable trom a con-
sumers standpeint, some means of deaiing with
Ihem must ba jound.

Filve ways of adding insulalicn are possibhe: apply-
ing strapping to the miter's inner surface, allowing
additional batt insulatian; adding board insulation 1o
the rafer's Interior surface; using plywood beams to
provide depth, and using a trusstype raflar, Insula-
tion can alse be installed on the exterior.

Ceiling Vapor Barriers

Including a continugus vapor barrier 15 & primary
concem of the enerpy eflicient builder or Jeveloper.

If you rermove ceiling light Fdures and subsiitute
lampe, wall mounts or other systems, you'll smplify
ihe instaliation of your vapor barmer. Howseyer, ik you
plan to use ceiling fixlyres, install vapor barmier pans
{like the ones dessribed in the single-stud wall vapor
barrier dizcussion) around 1hem,

Walls

Creating high {R-30 to R-50) wall insulation levels
has special problems. The two techniques yoU Can
use are: single-stud walls with sxterier board insula-
tien and gouble-stud walls with standard batt insula-
tion. While the cost of either is about 1he sama, kaap
eloge track of prices mgularty so you can use the
mast cost etfective. '

Single-Stud Walls

Tha maxhknum effictive Rvalyues for standard fram-
ad single-stud walts with exlerior board insulation
range from 30 {0 35

The first of ihe two exlericr treatments invalvas al-
taching ngid expanded polystyrene boards to the
wall's extarior with a special adhesive. A fiberglass-
rminforced masic laysr is then atiached 1o the
boamis. Mext an ezteriar coat is trowalled on,
Because the coat {availabie in a variety of texturas



and colors) replaces the siding, the economics are
exsellent,

The second treatment involvas attaching extruded
polystyrane, up to two inches 1hick, 1o the extarior,
followed by standard siding. This system is useful
for 1those who don't like a stuccolike finlshed ap-
pearance.

The advantages of building & singke-stad wall in-
clude: stapgdand technigues for the building crews; a
minimal reduction of licor space; and an easker and
less costly finishing of doors and windows.

The disadvantages, however, include: difficulty in
ensuring a continuous wvapor barrier; a limiling of
siding options; the labor-intensive raising of two-by-
stx walis; and i1s use only up 1o B-35 insulation
levels,

Vapor Barriers in Single-Stud Walls

A single-stug wall's greatest single difficulty is ob-
taining a continuous vapor barrier. The area of
greatest concern is the electrical outiet.

It's a commaon practice t¢ 8/mply cut holes in the
vapor barmier surounding the outiets and attach the
sheetrock. Although quick and easy, this practice
nagates many of the vapor barrier's benefits, since
both air infiltration and vapor passage increase
dramatically.

The best way 1w solve the problem is by putting
polystyrene pans around the outleds and sealing the
wire passage points with caulk. You can then fill the
pans with ingulation. Details of this technique can
be fownd in the construction details section,

Double-Siud Walts

A builder or developsr needs the doubbke-stud
syslem if structural walls are to be in the F-40 10 B-50
range.

whenever wall cavities will be mora than 5% in
ches deep, use the doauble-wall. Two-by-four and two-
by-three lumber i vaually cheaper than structural
lnmber in two-by-sight or larger sizes, Two-hy-lour
and two-by-thres walls are lightar and sasier 10 raise.

AMach the vapor batrier to the guter side of the in-
ner wall, removing the problam of subcontractors
puncturing the bamier while working.

There are two ways i3 put up double-wall struc-
turgs. Some recommend building both watls, at-
taching the vapor barrier, connecting the two walls
with plywood at lap and bottom 2nd raising the wall
as a unit. Crthers advocate framing the outside walls,
installing 1he trusses and roofing system, sheathing
the framea and then installing the inner walls with the
yvapor barrier attashed.

Both systems provide the same finished product.
By ralsing the walls separately, labor advantagas are
raintained and damage to the vagor bamier is less
{ikmly,

If the first techrique is used, the sheaihing is
usually instalied on the cutside of the vapor harmier
ang the inside wall iz the structural wall, This allows
the outer wall to be cantilevered over the subticor-
ing, reducing floor space loss and allowing a
smoother transition to bazement or foundation in-
sulation.

Both syslems have mert and should he con-
sidered betore making a decision.

Among its advantages, the doublestud wall
systemn accomodates R3S+ insulatlon , makes it
#azy to provide a continous vapor bharrer; minimizes
wall arection laber, and has no siding limitations.

Among its disadvantages, it means an unfamiliar
building technigue for some crews, a pessible
redyction in floar space, and more dificult window
and door finishing,

You'll find detacls on the wall systems in the con-
struction detail section of this manual.

Vapor Barriers

Before continuing, a discussion of vapor bamiers
and subtrade scheduiing is needed.

Vapor barriers must be insialled on the warm side
of all single-stud walls and on the back of a double-
wall's interior wall. As long as the barrier is no
deeper than ong-hird of the Rwvalue into the wall,
you'll have no problems. This is why they can be in-
stalled on the double-wall's back side, out of harm's
way, -

What you must constanily remember is that ihe
barrier must be continuous and have maximum In-
legrity. This means it ghould run from the foctings,
completely around the structure, wherever ¥apor



passage or air infiltration could create problems.
This means wrapping ficor headers, framed base-
ment wallz, exterior walls, and ceilings.

There are three sssentials for good vapor bamer
installations: solid backing, continucus ssalant at
barrier joints, and rigid covering materials.

Solid backing and rigid covering are essential to
protect the barrier and allow its fastening. The con-
finyous sealant showid be a durable product that
won't harden and break away. Hesearchers in
Saskatchewan, Canada, recommend acoustical
sealant as a moderately priced, durable product that
works well in this application; 3-W #396 “Superbond
Film Tape™ or equivalent (available from mosi sup-
pliers) can alsn b used to seal vapor bamier SEams.

To install 1he vapor barrier, staple il to plates and
studs; plage a continuous bead of sealant along joint
lines and in line with salid backing; overlap the bar-
rier's secand sheet and cover the barrier with rigid
material.

VWhile mamtaining good integrity around parli-
tions is difficult, we tecommend framing afl exterior
walls; installing the roofing and ceiling framing
sysiem, placing ail batt insulation in the walls, zl|
outlet hoxes and envelope-penetraling Somponants
(vents, plumbing stacks, etc.), and all wall board on
the walls, and then framing partition walls.

However, keep in mind 1hat thes process reduires
coordination with sukbtrades. The resulis are
desirable and the effort warlthwhile. Wall board in-
stallation costs should be reduced, while electrical
wiring cosis may be slightly increased.

When instailing winoows, insure vapal barrier con-
tinuity and zeal against the elements. Staple the bar-
rier to the window jamb before instalistion and place
& caulk bead around the tim to bed the window
against the sheathing. Finally, cauvlk to seal the
siding-tc-window trim joint. This triple seal is highly
effective in sealing envelope openings.

Use high-quaiity caulking with long Rnge derabili-
ty and paintability. M's a small investment 1that will
minimize call backs for paint cracking, peeling, or
separating.

Exercisa great ¢are when installing a vapor barrier.
Ther= is a geries of details on bamier installation in
our constrction detaits seclion. Please refer to
those details prior te any construclion, in order to
undarstand how the procedure works,

Foundations

A struciere's three types of earth connectian ane
slab-ongrade, foundation with wall space, and full
basement. Local climaté is the primary deferminant
of insulation levels and installation methods.

In most cases, installing extruded polystyTens on
the toundation's exterior surface is ihe best treal
ment. Its primary difficuity iz the transition to the
framed structure above. Ilt's not easy, athough
flashings, coatings, treated plywood, asbesios
board, or ¥inyl giding can be used.

None af these techniques and materlais are ideal,
so your choice will be dictated by aesthetics and
costs.

You can insulate basement Interiors by Duilding
interior framing. This technique is more costly and
requires cate IR insulating at the floor joist level 1o
minimize heat bridging and condensation on 1he nim
joiat.

Insyjate floors above nonheated or vented crawl
spaces to at leasi R19. Insulation under slab-on-
grade or concrate basement floors must be anzlyzed
for climate. Always install vapor baimers under con-
crete flogrs to isolaie the structure from the surroun-
ding earth and it5 moisture.

Ventilaticn and Moisture Control

An energy-atficient structure’s third critical ete-
ment is an airto-air heat exchanger. It has two func-
fions: o reduce interior humidity levels (enargy-
efficient buildings don't need humiditiers) and
reduce indoor ait pollutants {radon, formaldehyde,
smoke, and cooking odors).

In the past, we've depended on air infiltration to
cantrol both humidity and indoor polletants. As was
evident in our garlier discussion an heat 1088, uncon-



trolled infiltration rapidly becomes the major heat
loss component. Thus, we need the benefits of in-
filteation without the penalties.

The heat exchanger allows home ventilation in a
comrolied, efficient manner,

A rate of one-fourth ta ene-hall air changes per
hour is usually sufficient to control humidity.
However, thare may be an occasional need for a
higher rate to contral adors or smoking concentra-
tions. A two-speed fan, with bath a 100 and 200 CFM
gatting, can provide both wypes of veniilation in a
typical residence. For nomal use, the lower setting
will aliow resolution of moisture problers.

An exchanger Movas moist, stake air across thin
sheets of material, which transfer the heal to meom-
ing cold, fresh outskde air. The nomnal efficiency is
G0 to ) percent.

Exchangers must have a defrosting cycie to pre-
vent icing up. As the warm moist house ait 15 2x-
hausted, it cools. Condensation forms, and if oul-
door temperatures are low enough, iclng oscurs,

Separate the inlet and outlet vents, putting the
outiei higher to pravent pollutants from returmning to

the home. If the vents must ke at 1ha same level,
separate them by at least five foat,

Exchangers now on the markat cost between $800
and $1500. Their cost effectiveness will depend on
looal wiility rates as weli ag initial costs. In some
siiuations it may be most cost effective to contral
moisture and air-bomne pollutants by simply in-
troducing fresh air directly into the living space by
opaning windows if tnitial costs are too high or utili-
ty casts are relatively low. While al first glance this
idza may seem to defeat the object of superinsula-
tion, injecting a specified valuma of air inlo a house
at a specitic point is much more efficient than leak-
ing it in at misceilanesus points throughout the
home in ynknown guandities,

Finally, remermber that not alt heat exchangers are
designed for use in northern ¢limates. Installing ex-
changers designed for wall or window mounting will
present special weatherization problems.

Wa've provided a list of airte-air heat exchanger
suppiiers in our resource list. We suggest you cbtain
information on all the units, 25 costs and perior-
mances Jdo yvary.



HEATING SYSTEMS,

APPLIANCES AND DEVICES

A house needs to be viewed az a-total systemn
made up of a number of interacting subsystems like
space heating, hot water, lighting, and apgliances.

If vou want to reduce home energy, you must be
aware of the struciure™s subsystem interaction -
reducing one subsystem's energy uss may increase
another's. Depending on the energy type and cost
per unii, the result may not be a cost savings.

For exampia, 1t's trequently recommendad you in-
sulate hot water pipes, water heaters, and furnace
ducts or pipes. Bul, # these systems are caretully in-
sulated and located in a cold climate full basement,
they'll iose less heat o the basement space,
perhaps causing the basement temperalure to drop
to the point waler plpes might freeze, To prevent
this, the fumace woudd probabily e used 1o supply
heat to the basement, B so, what's gained by in-
sulating? The heat fron docts, pipes, and water
heater was traded for heat from the fumace.,

Insulate heal ducts and pipes iocated in unheoated
{i.e., exposed ta gutside temperatunes) crawl spaces
of attics because the heat they lose iz st 10 the
total house system, Any haat saved is saved for the
entire system,

Praheat tanks thal allow a gradual warming of sup-
ply watar before it reaches tha tank have been
recommended. Located in a basement, water can be
heated by the room air, which in 2 cold climate is
supplied by ihe furnace or other basement systems,

In a warm climate {i{ the water's cold}, a preheat
tank is a good Wea,

Ancther coming energy-saving recommendation
is luming off lights, using smaler-sized light bulbs
and so on. When considering the home as a systemn
in the winter, lighting will provide heat 10 the internal
space which then doesn't have to be supplied by 1he
turnace. {Aeducing the lighting may increase the de-
mand cn the fumace.) However, for the air condition-
ing s=ason, lighting increases internal hore heal, in-
creasing the demands made on the air conditioner
arwd in this case, increasing the tatal heme enemy
usa,

Because there's =0 much variatian in housing and
personal habits, iU's difficult to give short Simple
statement recommendaticns. Each home and its oc-
cupanis need o be considered as a total system,
and changes to reduce home erergy use must be
considered  as Inleraclions among home sub-
syslems.

Appliances

Selected apptiance cost will reflect home se2e, Ap-
pliances with all the deluxe features won't be any
mura suitable for a modest home than bottom-of-the-
iine siripped models will be .for a large expensive
Rome,

Energy quide labels are attached to efigerators,
fregzers, dishwashers, clothes washers, water
heaters, furnaces and rogom air cohditioners
manufactured atter May 1980

Ranges and clothes dryers’ don't have labels
because there's very litile energy use difference bet.
ween compaable modeis.

Orce you'we decided what type, features, and
capacity applicance is desired, use the energy guics
labels 10 seiect the most efficient mogel on the
market.

Caution: Federal law requires builders to leave
anergy labels on applianses.

Healing Systems

Choosing an energy-eflicient residence's heating
system can be gifficult since few systems am



designed to efficientty provide the small amount of
heat needed by most superinsulaled siructures.
Central heating systems are rarely designed to pro-
vida less than 50,000 BTUSs per hour and efficiency
suffers when the systems are gossly oversized,

A separale turpace yoom is recommended with a
combustion turmace. By isolating the combusation
device, poltutant control is assured and combu sticn
fresh air can be provided without creating a greater
heating load. The lumace should have electronis ig-
niticn, a positive Ylue damper and an outside com-
bustion air duct.

A new market item is the condensing, or pulse
combustion, design in gas fumaces, These tumaces
are 95 percent efficient. The exhaust gases are bet-
ween 100 and 200 degrees Fahrenheil aligwing the
use of a2 1.5inch diameter PYC plastic pipe which
can be vented 1hrough the wall.

Lennox and Hydrotherm are the only manufac-
furers presenily using the pulse combustion pringi-
ple. Soveral gas companies are making condensing
tumacas with induced drali blowers. The combus-
tion air suppty and tlue gas discharge piping is also
amall diameter plasiic pipe. Combustion efticien-
cies for these units can be over 80 percent.

Wood ar coal stoves should be small. Combe stion
air must be provided and downdeall protection s
essentlai. In a well-sealed structure, air will be drawn
in through any opening it a pressure differential oc-
curs. If flue gases are dawn down the stack and aut
of the slove, it can prova quite dangerous.

Electric baseboard #nd radiant heating systems
have been popular in highty insulated strugtures
because they're easily sized to match the load.

Because no flue siack or chimney iz needed, -

envelope penetrations are mimimized.

Refrigerators

The temperature difference between a kitchen and
the refrigerator's interior iz the major factar in deter-
mining refrigerator energy use. Therelors, the major
reguirement is ocating the appliance in a cool place
in 1he Kitchen, away fom such heal scurces as the
range, heat vents, radiztors, and sunshine.

Frost-tree of automatic defrost retrigerators are
often recommended,

Manual delrost relrigerators are inefficient if the
fros! is mare than % ingh thick, Linforiunatety,
they're {requently kept undefrosted, and some
famifies would find them oo small,

tn a eysie, or partiafly automatic defrost moded, an-
Iy the freerar needs defrosting. These appliances are
usually cheaper than alomatic defrosiers, and their
freezers will kKeep ice cream firm. {(loe craam stored
in autoedalrost refrigerators 1% often Soft.)

Ranges

Studies generally reveal many of the range's extra
features are unused, with the seifcleaning oven the
sole exception. In 1980, 40 percent of the slectric
ranges 50ld had self-cleaning ovens. Excapt for the
very modest homes, look for a range with this feature
and a minimum of others.

Energy usad by the seifCleaning festure costs
abaut 25 cents per gperation, Because of their extra
insulation, the selfclezners use less energy for nor-
mal baking.

Ranges lack the energy label because there's very
litthe difference in model efficiency. However, user
habits can make a 50 percent diflerence in the
amount ot energy used o prepare the same meal,

Microwave Ovens

Althopugh many peaple believe microwave ovens
save energy, studies indicate this (5n't always troe, A
general guide is thal a microwave will use mone
enetgy if it's used in place of a rangg’ s surface unit
However, it will generally use less energy than a con-



ventional pven, Buy a microwave far convenience,
not 1o save energy.

To remaove hot lood safaly from a microwave, the
aven's shell should be at laast six inches below s
shortest yser s shoulder reight.

Range Hoods

Because of the guperinsulated home's tighter con-
gtruction, It's important to remove food preparation
odors trom the house with a range hood,

To remove gredase and some food odom, use a
ductiess range hopd. The airto-gir exchanger ¢an be
installed to supply venillatlon air to the kitchen ama

Dishwashers

In 1967, 18 percent of America's homes contained
dishwashers. By 1879, the figure had risen to 43 per-
cenl.

If possible, inciude a built-lndishwasner, [Portable
models are sz convaniant since the sink can't be
used while the appllance i n operation.)

The amount of water nesded to hand- or machine-
wash dishes depends on a person’s washing habits.
Bome hand washers use much mome waler than an
automatic dishwasher while other use less,
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Air Canditioners

Witile nighly energy-efficient air conditioners oot
lass (o operate, they'm also more expansive 10 buy.
And, because of the short cooling se2ason in Norih
Dakcta, life ¢ycle cosling is imporant for this ap-
pliance.

Lighting

Avoid recessed light flxtures on callings below in-
sulated attic spaces; they ganemily can't be covenad
with insulalion, Alse avoxd using Leiling-mounted
fixlures as hay cause problems with ceiling-vapor
barrierg and create infiltration routes,

Use fluocrescent lamps whenever possible. They
give more {ighi for the electricity 1hey use.

One major objection Lo fluprescent lighting is ts
effect on color. Mow, however, Huoresceni bulbs
come in a variety of colers, and deluxs wamm while
Ratter= skin fones, Another objection is the light fix-
fure, which some homecwners consider ugly. More
afiractve modals are starting to come on the market
50 look and ask for them,

Water Healers

Some people estimate water heating y=es about
125 percent of Nerth Dakota's home enorgy. AS less
iotal energy is needed for space heating, 1his
percentage will rise.

Some ways the builder can reduce hot water
energy use nclude buying an eftickent water heater
and Iocating it t0 minimize pipe rens and slustering
plumbing.

Some peopie recommind water heatars o be sat
at 120 degress Fahreanhsit 10 save energy. Howaver,
if there's a dishwasher in the house, its water needs
to be set at 140 degrees {0 clean and sanilize the
dizhes. This i especially true when low phosphate
dishwashing detergenis are uvsed. (Almost all
dishwashing detergents sold in the eastamn half of
North Dakeia and alf of Minnespta are low
phosphate) Some newer model dishwashers have



an internal water heater that raisas waler

temperatueg 10 to 15 degrees,

in some househalds, loweding the waler heater
setting 1o 120 degrees means running cut of hot
water more cften. Less cold water is mined with hot
water and a farger hot water volume is used. (The
total volume of water used doesn’t change }

Windows

Windows pravide light, ventilation, and visual con-
nection with the sutdoors. Unfortunately, they also
create large winter heating and summer cooling
Ioads for the amounl of area they occupy in the
building enveloge. Each square fost of double-glass
cosls as much to heat in & year as 20 square feel of
an R-40 wall.

Windows can create large infiltration neat logses
if they don't have an excellent sealing sysiem when
closed, Caserment, awning, and hopper windows
1end to be more airtight than double-hung or sliding
windows. Invesling in high quality is a high priority
since performance improvements are difficull once
windows have Been installed.

Conduction heat loss during the haating seasan
remains a major probkiem. Easily installed,
automatic, inexpensive and visually pleasing ways
of insulating windows remain the ultimate sobution.
Unfortunately, availabie systems for insulating win-
dows don't meet these specitications, Builders
should familiarize themselves with available pro-
ducts and choose one or two they like 1or an optional
package.

Currently, most consumers will be able to afford
window night insulation cnly if they can hoild and i
#lall it themselves. Consull the books listed under
window treatments in the bibliography for available
systems and some of their problems,

Take care when designing an energy-etticient
siructure's window placemenl Twe considerations
to k=ep in mind are;

1. Because windows are such enargy lpsers, the
majority should face scuth so sclar ensrgy can
ke used to offzet the losses.

Because summer solar gain can  guickly

overhest an unshaded superinsulated struc-
ture, restrict windows onh the east and wesi

Fa

walls and provide a means of shading south-

lacing windaws.

Univarsity of Saskatchewan researchers have
ihree rules of thumb that can help you size solar win-
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dows and keep them under control. (Remember,
oversizing 1he solar window system can mean
creating a solar oven.}

Bule 1: In seperinsulated wood frame construg-
tign with gypsum wallboard, limit south-
facing windows ta 6 percent of the Hoor
area. Thiz will prevepl overheating in
spring and fall. Il lzrger areas ol glass are
used, provide for extra mass or good yven-
titation. [Concrete basements insulabed
on the outside provide a large mass for
heat storage and will toletate greater win-
dow areg.}

If more than 6 percent south-facing win-
dows are provided, inslude extra mass. A
reugh rule of five square feset of 4-inch
thick masonry per square fest of glass in
excess of G percent should help dampen
the temperature Huttuations,

Provide an averhang to allow tull sun into
the window tromm November 2 until
Egbruary 1. Provide for circulation of
fieated air to non-sclar spaces for even
heat distribution. & small duct and fan will
do. And, in structures ol more than one
story, concentrate windows in  lower
stories. For axample, a 70 percent bottom
story and a 30 percent tap staoy blend will
help cut upper story heat siratification ina
two-stary structure.

Hule 2;

Rule 3.

o i R
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Cooling

While cooling loads aren't large anywhere in North
Dakota, maintaining comfort leveis is necessary.



Preventing Heat Gain

A structure bwilt for winter efficiency is already
designed io prevenl many overheating problems,
The key to stopping overhealing iz excluding
sunlight. Awnings, shutters, irellises, vegetation and
bamboo or lath screens all tunction as exgellent pro-
techon from excess suniight. Minimizing east and
wes! windows alsp greatly reduces potential
averheating problems,

Prevention sirategies usually cost less than other
{echnigues.

Construction Economics and
Marketing

Building an enargy-efficient home is good com-
mon sense. And, most of today’s buying public is
aware of the ecanomic advantages ot owning such a
Structure, However, Lo effeclively markel enargy
conservation, youl need 1o be able 10 demonstrate
it% ecOnOmMIGS On paper,

Buyer concerns will b2 abgout benefits
outweighing cosis and how soon the additiona! in-
vestment pays for itself. A stangard approach to
answering these concems has been the simple
payback analysis. For examp'e, a $500 investment in
triple-glazed wingdows will, it it saves $100 per year,
pay tor itself in five years,

However, the simpie payback analysis has several
drawbacks. First, cash flows beyond the payback
year are neglected, Second, payback discriminates
against long-iiwed projects, and, third, it ignores in-
flation, interest rates, and the time value of money.

Bul, if simpie payback analysis contains these
disadvantages, what can you, as the builder, usse to
shiw your buyers the economic advantages of
energy-efticient construction?

The best way to determine the long lerm benefits
to your buyers iz called life cycle costing; a simple
way of charting the cash flows of costs and savings
over 2 given number ot years. However, while life cy-
cle is a simpte method, it can also prove difficult and
time consurting. A number of faciors, such as mor-
tgage intargst, inflation rates and long term energy
prices must be estimated. They then must be com-
birad with projected costs and savings to estimate
cash flows over a given time.

if you have access 0 a geod computer program on
fife cycle costing, the process can be guick Bul,
even with this help, you'll 2till have to interpret the
results for your prospective clients, If you den't have
a computer, you'll have 1o manually caiculate.

If it's glarting to look like everything is getling a
bit complicated, you're probably asking yoursel
whail method you can use io demonstrate supesin
sulatian's economic benefits.

Mike Scoti, at the Mid-Armerican Solar Energy
Complex {(MASEC), developed a good techrigue
amounting 1o a simplHied life cycle cost analvsis
tracing “wash-out-of-pocket” energy costs. It's quick
to compute and very understandable to buyvers.

The lirst step is calculating the heal ioads for the
major componants of the proposed structure, You
can then compare these loads graphically to ithose
of hemes built agcording to conventional standards.
You might also try putting aome utility ¢osts on the
graphs to demonsirate the finanecial implications of
tighl construction.

Speclfications for the homes in Figure 3 are given
in Table 2. Additional construction costs for the
tighter hpuse appear in Table 3. (Remember, these
additional consiruction cosls are astimates made on
1585 as examples for this manual. Your costs may be
fgher or lower.)

The prosedure 1or simplified life cycle costing s
given in Table 4. You'll neéad to calculate:

1. The additional investment in congervation for
the structure you progose buitding.

2. The addifional annual mortgags payment
resulling from this added invastment.

(Te deniva this figure, multiply the addilional in-

vastrnant i conservation {from Table 3) times

ithe appropriate Capital Recovery Factor from

Table 5.}

Example: The Capital Recovery Faclor for 14
percant intarest over 30 yaars is
L1428, It the additionat investmen
was 33,659, than the annual incroase
in mongage cost would ba $523.
(53,659 2 .1428 = $523 per year.}

3. Calculate 1the annual! utility savings from the
procedures outlined on pages € through 12. Ex-
press these savings as a percentage of what
the costs would be for a house buitt to conven-
tional standards.

1ot's interpret tha resutts of the example in Table
4. A conventional house i5 used as a basis lor com-
panson.

Mo additional investment in consermation |s mada
in the conventional hwouse so there's no additional
meongage o utility savings. Cut-of-pocket enRrgy
costs will be $893 per vear and total energy costs (at



Figum 3. Major Haal Loads (RTURF)
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Table 2. House Construction Specifications*
Typical Energy-Cftickent Superinsulated
House-{187T7} Houss House
Wall Rvalues 125 k)] az
Cailing Rvalues 25 n &)
Inffliration JACH A ACH 1 ACH
Easemant insulation 1" ta Footings 17 1o Footings 1" 16 Foolings
6" o Aim Joisd 3" to Frostling
& on Rim Joist
Windows Eouble Gilazed Triple Glared Triple Glazed
Door Rvaluas 3.5 {(Wood) 15 (SteelFoam Core) 15 (SteakFoam Core)
Heating Sysbern KW 10 KW 5w
Annual Heat Loan 8931 MMBTUs S39 MMEBTLU: 21.4 MMBTUs
Annugl Enargy Cost 3593 214
{@S1IHMMETLS)
Annual Energy Savings 30 $354 679
Additional Construction Costs 50 1,955 £3 658

24 x 43 Houps
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Table 3. Additional Construction Cosis

Building Energy EHicienmt  Superinswaiad
Compomnont House Housa
Infiftration > X . 1]
Basement =0 g15
Walls 191 720
Ceiling 184 484
Windows A5G 500
Daoors 1650 240
Heat Exchanger 200 a0
Tolal 51,955 $3,650
Tahis & Simplfiad Energy Lile-Cycle Cost Comparison
Typlcal Enargy-EHicisnt Supsrinsutaiad
1RTT House Housa Houss
Addifional
#1  Energy Conservaticn $0 51955 33,659
Investment
Additional
42 Annual Morgage 0 2r $523
Payment & 14%
Annual
#3  Ulllity 893 1539 . 214
Cast
Annual
#4  Utility 0% 40% 76%
Savings

Cumulaiive Dut-ol-Pockel Lila Cycle Coxis |#2 and #3)

Typlcal Energy-Efficiert  Supwrinsuluied

Year 1977 Houss House House
1 5 a2 % B1B 5 1ar
2 $ 1786 $ 1536 $ 1474
3 $ 267 $ 2454 522N
4 § 3572 % 3272 $ 2948
5 § 4465 3 4090 3 3686
[ ¥ 5253 % 4508 $ 4422
i ¥ 6251 % 57326 % 5155
] 5 744 5 g5 ¥ 5,39
a % 8057 % 738z % 6633

10 s 83930 $ 8180 $ 7370

30 526,790 24,540 222110
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Table & Mominal Capital Recousry Factars

Intarest Rate

Year G4 05 .06 07 DB .09
1 1.04000 1.05001 1.06001 1000 1.08000 109001
2 0.53020 0.53781 0.54544 055310 0.56077 0.56847
3 0.AED35 0.36722 0.37411 029105 0.38804 0.39506
4 027549 0.28202 028880 D2¥23 0301892 0.30857
5 0.22453 0.23098 0.23740 0.24389 0.25046 0.25709
[ 0.19076 019752 020337 GL.20930 021632 023292
T 016661 0.172a82 0.17914 2. 18555 0.182a7 0.19859
8 0.14B53 0.15472 016104 {16747 017402 18068
| 0.1344% 014069 014707 415349 15003 016680
10 0.12329 012555 0.13587 0.14238 013903 0.15582
k! 411415 0.12039 D167 013336 0.1308 0.14835
12 0.10655 011283 011928 0125940 0132710 013965
13 010014 0.10845 011296 0.11596% 0.12652 0.13357
14 009457 010103 619759 011435 012130 012843
15 0.E954 D.9634 A6 Q10984 J. 11683 0.1 2406
16 0.06582 D.09ze? Q09895 0. 10585 Q11298 12030
17 0.08220 0.08870 G09545 030243 410963 011705
18 00T ES59 0.0855%5 a.0923G Q.05541 010670 011424
19 007614 © D.0BETS LOBGEZ 005675 010213 01173
20 007358 0.08024 05719 0.09435 0.10185 0.10855
™ 007125 0.0TB00 008501 009229 0.09983 21062
22 0.GE920 0.075%7 008305 009041 009803 0.105a1
23 00573t 007414 0.08128 0.08871 0.0%647 0.10438
24 005559 0.07247 0.07568 o.08719 0.09498 0.10302
25 006301 0.07T0G5 0.07823 3.08581 0.09368 g 191481
26 ODE2ST 0.05955 0.07650 C.0B45E 0.05251 10072
27 006124 D.05az9 QOTsT0 G 08343 a.0%145 D.DeaTA
2B 0.060 0.05T12 0.07459 og23a 0.09039 0.05885
s 0.0sa84 D.DEE0S 0.073158 06145 0.CA962 0005
K n.0s7RA 0.06505 0.07265 008059 0.0RER3 0.09734
Year 0 A1 A2 A3 g4 .15
1 1.10000 111000 1.12000 113001 1.14000 1.15000
2 A.576i9 0.583939 459170 0.59949 O EQTIS 61542
3 40212 0. 40322 041635 G 42353 043073 O A3735
4 0.31547 0.32233 0.22924 0.13520 0.34321 Q35027
& 04265380 027057t 027741 0.28432 G228 4_29832
L 022951 0236358 0.24327 0.25015 025716 0265424
T 0.20541 02122 Q214912 o0:e11 123319 0.2403%5
8 b 18745 D.19432 0201340 0.20833 Q21557 0.22285
g 417364 0.18060 018763 019487 0.20217 020957
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congtant energy prices) will be $28,790 over a 30-year
morigage.

{n the other hand, the energy-effcient home
needs an additional conservation inwestment of
£1,955. The annual mortgage i5 increased $279 per
year, bt 1he annual utility cost is reduced to §539
per year {a savings of §354).

Total out-pf-pocket energy costs (additional mor-
tgage + utility cosis) are %818 per year. This
represents 2 %75 savings the first year 1he home is
owned, Over a 30year mortgage, this will yleld
£2,250 in savings at constant fuel prices. Increases
in real prices will increase savings further.

Finally, if the superinsulated house requires an ex-
tra 3,659 canservation investment, mortgage costs
will increase by 3523 per yvaar, but utility costs will
decraase to $214. Tolal out-ol-pocket energy costs
will be S737 per vear, a cash savings ol $150 per year
compared to the conventional home,

Discovering how cost-effective energy conserva-
lion is surprises many people. it's up 10 you to
demanstrate its financial benefits to the public.
Showing polential buyers they can save moneay the
first year they own the new home you've built can go
a long way toward markeling your product,

Retrofitting

Not everyone has the luxury ©f building a new
energy-2ficient home. Proiections show 70 percent
of the buildings we'll be living in by the year 2000 are
already here.

I¥s cbwious dealing with £xisting energy wasters
can be a major building concern and will profit those
who can do il well. Unfortunately, ratrolitting isn't
always easy ar cheap.

Aemember the vapor barmier nules stated sardier

1. ¥You must install a vapor barmier on the wanm (in-
terion) side of insulation.

2. The vapor barrier must be continbous &nd have
intagrity (i.e. no holes or gaps).

3. Tou can plage the vapor barrier in the insula-
tizn as long as it's no more than one-third of
the way in, coming from ke warm side,

Retrofitting {alls im0 four main categories; hole
plugging, easy-access retrofits, system im-
provements, and renavaticn,

H

Hole Plugging

These are the low-cost, high-payback tasks many
gl us have done {or can easily dol, such as caulking
cracks, holes, and gaps, and weatherstripping daors
and windows.

Make cutskdz vents airtight when not in uss ang
caulk along the baseboard and arcund intericr win-
dows. The chart on caulklng and weatherstripping
matarials is taken from “The Well Tempered House™
ang gives geod comparisons of the materials.

Easy-Access Retrofits

Installing storm windows and atlic insulation,
automatic setback thermostats for lutnaces, watar
heater insulation and outlet and switch cover in-
sulators are sl popular and useful easy-access
retrofits. Their payback is longer so consider them
tha second level of retrofitting.

Storm Windows and Doors

Siom windows are necessary retrofits on single
glazed structures, and can be economical in many
doubieglazed siiuations. Take care to install quality
siorm windows and ensure a good fit. A tinch
silicone cavlking seam isnY & subslitute fora proper
fit.

Consider stomm doors for all exterior doors, in
cluding patio doors,

Attic Insulation

Atlic insulation s & common retrofil. Depths
heyond 24 inches may nol be justified unless they're
part of a comprehensive retrofit.



RETROFITTING ANALYSIS SHEET

Category

Canditlon

Mot Prasant

Neads

Replacament

Menas
Upgrading

Adeguate

Hole FPlugging
Cauiking
Caors

Windows

Exterior Saams

Intericr Seams

Weatherstripping
Chooirs

Windows

Dampers
Fumace Flue

Fireplace or Slaove

Dryes

Kitchen & Bathroom®
¥ents

Easy Accass
Etorm Windows

Stom Doors

Sathack Thermosiats

Hot Water

Furnace

Attic Insulation

AHic Yapor Barrier

Domestic Hot Water
Showerhead

Agratlors

Heater Insulation

Line Insulaiion

Basement nsulauion

Fhear Insukation

Systemn Improvem-anis
Central Heatlng Systems

Fiug Damper

Slove

Relfrigarator

Haot Water Haater

Window Insulation

Renovation
Intariar Finish

Exterior Finiah

Yapor Barriors

Conservation & Solar AGGITONS
Greanhouse o Sun mom

Buffer Additions

Themosyphoning Air
Fanels




Automatic Setback Thermostats

Automatic setback thermostals for furnaces are
good retrofits. However, white both take enegy con.
servalion out of the conscious-effort stage and into
the auiomatic stage, 1hey may create excessive peak
demands if widely used.

Basement Wall and Floor Insulation

Craw| spaces and unheated basements mequire
special attention. Most crawl spaces are provided
with wventilators which can be closed during the
winier il moisturs is not a problem. The craw! space
fipor should be ¢overed with fwo layers of B-mit
polyethylens to prevent moisture migration from the
ground into the crawl space. H plumbing pipes are
iocaled in the craw] space it is necessary to make
sure thal adding insulalion will not cause freezing of
the pipes. At least 2 inches of rigid board insuiation
can be applied to 1he ingide walls of the crawl space
and the ventilabors closed duting the winter, If plum.
bing is not a problem R-19 fiberglass battz can be
placed hatween the tlgor joist and held in place by
wire suppors. The floor of an unheated basement
can alse be insulgted in a similar manner uging
tiberglass batts if plumbing Fxlures and pipes are
no! a problem.

while basement walls can be insulated on the in-
tenor or extenar surfazees, interior insulation will pro-
hably be cheaper. Ask for Energy Extenslon Service
Bulletin (EES-31y, "Cut Foundation Heat Loss.”

A tarmpet of A-20 is desirable above grade down 1o
two feet below grade. ¥ou ¢can justify B-30 1o a lour-
foot pepth. Couple attic insuiation with Hoor of base-
ment insulation in all retrofits.

Al weather wood foundsations are alsa belng usad
an home construction. The design criteria tor this
type of basemenl wall must be from a feiiable ap-
proved professional aource. This type of foundation
can be gquickly emcled by 1the framing crew, and
when propery finished, provides a basement wall
with good insulation guality.

Wall Qutlets and Switch Cover
Insulation

Infiltration can be a real problam in older homes.
Howaver, you can effectively reduce this infiltration
by placing insulators and plugs in exterior wall
outiets and switch cover,

System Improvements

Upgrade old and poorly maintained energy-
consuming systems to more energy-efficient
modem ones. Evaluate appliances, water haaters,
and fumaces.

If you're retrofitting, think about downsizing the
furmace as parl of your program. Coupling fumace
replacement with insulation improvements offers
the homeowners a greater savings than going &ach
operaiion separately. Consider replacing appliances
or a water heater as part of the project 100,

Window Insulation

Insulating windows a3 part of a retrofitting project
should be constdered the same way il is tor new con-
struction, The economics should be congidered on a
caseby-case basis, and femillarity with available
systems is helpful. Window treatments with an R4
will reduce window heal loss up to B0 pament as
compared to an R-2 window,

Renowvation

We've moved steadily from low-cost retrofits o
e mos1 costly. Old structure renovation—aithar in-
tarior or exterior linish repair or replacement-—affers
the opportunity to complete the energy-conserving
retrofit.

It's setdom cost-eHeotive 1o sinp off functional ex-
terior of intenior finishes simply Lo conserve eneigy.



Compared ta savings, iU's expensive. But, if you need
{o renovate, anergy conservation can be a minor in-
vestment, Cavity walls can be siripped, insulated
with batts and recovered with 3 new finish coat.

Gypsum board and insulation ¢an be placed over
the interior surtace, straps atlached to the exteror
and insutation added before the new siding is ap-
plied.

We must again stress the vapor bamier's impar.
tance. When you install new aide wall insidation,
always provide a continuows vapor barfier on the in-
sutation's warmm side.

Base ¢nergy projects on the consumer's benafit,
As enengy prices escalate, costlier retrofits become
better buys.

it's obwious an old structure that needs a furnace
replaced or inlerior finish andlor exterior Hnish

repiaced s an ideal candidate for a full scale energy
conservation retrofit. Gther cases will dictate a wide

range of possibilities.

Passive solar greenhouses, sun rooms, ther
masiphaning air panels and energy-conserving addi-
tions such as vestibules or buffer additicns can all
be good strategies once mtrofitting is finished.
They're not replacements for consernvation retrofit-
ting, but logical next sieps.

The Retrofit Worksheet will help you analyze the
possibilitles for projects of this sort. Access to utili-
ly bills will provide you with use data, which will
aliow you to better ovajuate the retrolit payback
“Major Enargy Conservation Retrofits - A Planning
Guide for Nonhern Climate™” available fram e Na-
tinal Center for Appropriate Tectinology, P.O. Box
3838, Butte, Montana 59702, has a comprehensive
discussion of options,



CONSTRUCTION DETAILS

The sources for construction details are: Flgs. 7, B, 10, 13, 15, 18, 19, 20: "Energy-Effiiant
Housing - A Prairie Approach,” Ofice of Enerpgy

Flg. 6: Scati Robinson, MASEG, B14) 261h Ave, 8o, Coneervation, Saskalehewan Mineral Resources,
Blotamiington, MM 55420, 1514 Hamlton 5t, Regina, Saskatchewan S4F V8
Fig. & “Superinsulation: A Housing Trend tor the

Eighlies,” Nalional Center for Appropriale Tethnok
ogy, P.O. Box 3838, Butte, MT 59701 (one copy free).
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Figure 5. 2" x 8" Single Wall Framng
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Figure §. 2 x5 wall framing.
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Figure 7. Wall section - vapor barsier dedail.
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Figure 8. Vapor barmisr instatiation at window,
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Figura 11. 2" x 3" Double Wafl Framing
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Figure 12, 2™ x 4" Curtaim Wall Framing
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Figums 13, Air laakage spats In canventionsl housing.
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Flgura 14. Technique tor joinmg vapor barriee shests on wall studs. {insudation nel shown}
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Figums 15. Portermsd duct arrangement tor exhausi fans.
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Figure 16. Air-ta-air heat axchanger.
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Figure 17. Fully ducted basemen! insiallation of a heat exchanger,
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Figura 18. Atlic access door.
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Figuw 14, Use of a lumace room to isclate hrl buming aquipmant from tha rest of the house.
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Figurs 22, Rertrpliittimyg the intecior ol an sxisting howuse with previgus 2 = 4 walt.
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APPENDIX A

Climatic Data Meteorological Data
DESIGN TEMPERATURES Scurce: MNational Coeanic and Atmospheric Ad-
ministralion, Environmental Data and information
Moniana Service, Mational Climatic Center, Asheville, NG
Miles City -18 38601,
Morth Dakota
Blsmarck —24
Devils Lake -23
Farga -22
Willsston -21

A1



Meteorological Data: Normals, Means, And Extremes
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1174 B5
131 TAM
1483 9378
ELEY = 1713
DEC YEAR
g 117a
21 1ad1d
14T a1
1094 5465
124% 65313
14504 T3
1558 5407
1T 1S
ELEY = 1647
DEC YEAR
 HE 1248
¥ 14935
1ok 14
1066 5235
1z3  6¥4
13M6  7eIV
1591 044
1686 10612
ELEY = 892
DEC YEAR
o 120
i AT
130 A0.B
1147 Lo L
1302 50T
HET  TASA
1612 ¥
1767 10829

Source: J. Dougias Balcomb, et al. Fassive Solar Design Handbook Vol 2: Passive Saler Design Analysis: {Los
Alamas Scientific Labaratory: WS, Depl. of Energy), 1980
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APPENDIX B. Insulation Values
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insulating Values of Construction Materials

1. Conductivilies (k), Canductamcss (C) and Assistances (A) of Bulding and Insulating Maierials

§To dsnalams am expressedan Botr.sg H-"F. Sonduchivdies are per icch ihckness, 2nd Conduciances are e ihickress or constnclion stabed, bBut mol ger iach
micknept &1 wglues are lor 3 mean tempeRiere al P27F. exceat as noded by 30 (71 wRIich kawe beer repoated 41 4508

Resiztanda' (7]
For Spmcdibe
s Conduc:- Far inzh Huckness Haal,
Dansily tivily tance thickneas lsted Biwdib)
- Dwscriplimn it ol e 130k} ) g Fy
Bulldirey Borand
EBoards, Panels, SubMooring, Sheathing, Woodbosnd Panel Produnsts
Asbesion-cement board . .. . 120 4.0 — 1 5] — [ )
Asbeslos-camentboard. .. Lo ..o 120 — 3.0 — .03
Aybesinscementboard. oo 120 -_ 1850 - .06
Gypaum of pdestier Baard .o, .0 a0 =0 - 310 -_ 0.3z 13-
Gypaum or plaster toard 50 — 227 — .45
G ypsum or plaster board ] — 1T — .55
Plyweagad (Daoghas . ... au. M .80 - 125 - L)
Plywood (Dol 5 dirk ., M - 3.0 — .31
Plywoae [Dooglas iy . ., T - R - 047
Plywed (Doumglaz ] ... .oooooooaaaeo-- . SN 4 — 1.60 — Q.62
Plywood (Coanglas e ... ... oo pe oo, - OERSIN. M — 124 — L)
Plywood crwoodpamels ... ... 0.75in. k| — 1.07 -_ .53 ¥
Yegetabke Tibar board
Sheathng, regelar density ... ... ..._...B&in 18 — b.7e -— 1.2 [ ]
. - ATE128 N, 18 - 0.9 — 206
Sheathang, inlemmedwate uenslw. AN | -1 22 — .82 -_ 122 L1 )]
HMail-baza shealhing . P | LT 0] 25 -_— 0.5 — 1.14 021
Shinglebacker . ... 0 iaee . o 0ITSIN 1% - 106 — Do L8|
Shinglebackar . ... .. P « B b - R U] 15 - 128 —- o
Sourd desdeningboard ... 0., L. GSan. 15 — 07 - 1.2 0.30
Tike and 13y-en AT, PIAnoF ROOAEDE . 0N 4 — .80 — 125
e T 18 — 0.5 — 1.88
Lamnared panemoarﬂ ......... - 30 Q.50 -— 2.0 - 0.53
Ny s s Do from mepalped pa;!ur o 0B — 2 - i ¥ ]
Handboard
Madwmdeansdy L caaa &0 073 137 - on
High density, serace turnp service unﬂeﬂay . 17} [N ] — 122 — ox
Hugh denzity, 5id. tempered L Cea B 1.00 100G — o
Particishoard
LOw RSN .. . . oo a i aerr e ianaaaar e ¥ 0.5 —_-— 185 — Lulch |
Medium denaity .. 50 0.5 —_— tI05 —_— aa
Highoensily .. ... L33 1.8 - o5 - ax
Undeclaymmnt ., oouuiiiein i 40 -— 122 — o Fimg Q.24
Woa sk logr - 1.06 — R 0.3
Buiiding Mamhﬂne
Yapor—permeabile foft . Ve - 6.7 - 005
Vapor —seal, 2 lapes of menped 1505 el 835 — cay
Vapor-seal, plaste Mim ... ... -_ -_ -_ Mgl
Finish Floating Materials
Larpel and fibrous pad ................. - -_ f.de 08 L+
Cir'p-era.ndrubbmpid - - 0.8 153 0.1
Gk tike - - _— 360 o D42
Terfalrn .- -_ —_— 12,50 -_ L] LR
Tile — e phali, I|nnleum vinle rubter ... -— - 2000 [~11-] 0.0
winyl agkeeatas . . e 024
SETame L ... 0.5
Wood. Rarchwneod !-'sns-n ,,,,,,,,,,,,,,,, LTS 147 R
Insulating Materiaks
_Blankel apd Ban _ -
Mineral fiteer, librous form processed tom *
reck, 3l of gk
Appeaxd B TEIN, e e - 4320 — 0143 7 0702
LT R T G320 7 — 004 —_— )
A  AEBEINL e rraarmraas e 030 - oD% - 14
approx 6-7 waoao can 0320 0.0a% s
APt BE . . haassaas - 03290 0,033 x
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Resistance' (H)

For spacihic
Conduc. Condue- Fer inch Hiekness Haat.
Dengily thnity tance  thickness listed Eruilby
Descriplion [IBrity ik} iC) [hf13) [Rfys] loeg Fy
Board and Slatrs
Cellularglass ....... e eeeae e BES 0,38 —- 282 - 024
Glass fiber, oroganie bonded ..o 49 025 - 4,00 -_ 0.23
Esn-andudrubh-er:ngrm 4.5 D22 - 4.55 — .40
[ypandad pedyatyrens extruded
Cut cell surlace. 1B 0.25 400 a2e
Eupancieo pﬂlystyrene exrmdeﬂ
Smooth sxin sudace .. L. e teiamaceaea Zz 4.0 500 02g
Eupanded SohysLyrens &I:Iﬂ.lﬂl‘ﬁ
Lmnoth skin sudace ..o ... e meataaa A5 139 - 526 -_
Espanded polystyrent, moldad DEAAS .. L ieeuniss 14 035 - a5r - 023
Espanded polyuretnane: (- 1Ie!p] e 1.5 o158 — E25 - 038
{thicknesz 1 in. or greater} . e meebaa . 2.5
Mineral fabar with resin Bnger . ... ui 15 G2a .45
Mineral fiberoard, wet felteg
Cowe O romf anSulBLDN .. L. 1617 0.0 — 2.0 _—
AroUslICAETIE . .. oo i ciim i 35 0.25 - .56 -
Acouslicailile . ..o i iiiaeassecnrina Fil 0,27 -_ 270
Mineral fiberbgard, wet molded
Aooushical 1B .. .. ... iaiiasrssiiiaaas rich D42 2.3
Wood or cane fiberboard
ACDUSTCAITIE® ..o i e e 0.510n. — — .89 — 125 o3t
Acousticadtiet .. Lol 075 in — — 453 — 1.BG
Intener fiman plenk, el ..o 15 .35 - -8 13 — 032
Wood shredded (cemenied in peeiormed slabs) .., az .60 - 1.67 — 03
Loose Fill
Cailulosic insulation (milled pawer o
WO pUIR} .. L e 2332 037022 - 33T —- 033
Sawdual o shawinge ... ... .. ... ... BO-150 045 — 2.22 _— D33
Wood hber, Suthwdeds . . ooaiie e as 035 0.3 - 3133 - 032
Ferlite espanded ... ... ... ... oo 5.0-B.0 oar — 270 —_— .25
Minetal fiber irock, slag or glassy
apprax. TS5 ... ... 0620 - -_ 1t A7
approw R SETEM.. o e 0620 - - 1%
ApOEaw TT S0 L, L., el 0E20 - - bl
approw. 102 1ATESM.. e e 0.E2.0 - - X
Wermsulde, exioliated, . ooe e o83 C.a7 -_ 213 — 3
40460 .44 =27 —
Roof Insulation®
Preloemed, Iof wee abgve deck
Ditferent ool nsulations a= awdnlable m oz 1.9
diltesent thichnesses to provsde the design S [1:} T
valoes listed.* Conzull mdividual masulactarers 012 833
1or aciual thuokmess of their material.
Masonry Malerials
Concreles
Cement Mardar ... ... ..ot aeiiiaria.- 116 50 0.20
EypEum-libar concreld E7 5% Qypauam,
12.5% wood CREPS . ..o e o1 166 -_ 0.60 -_ o
Ligrtweaigh! aggregatas indlud:ag & rpanded 174 52 —_— 019 —
shale, clay. o Slale & panoed 100 A6 — 028 —
slags; cinders; Dumice; vermric ol ite; B 25 -_ 040 —
alsy cellular concreies 50 1.7 —_ .58 —
40 115 - .85 -
in 0.90 — 111 —
- a.zrp 1.43
Perlne, expandud 40 083 1.08
a0 0.7t 141
20 0.50 200 ik g
Sand and gravel or skane aggregate (oven dred) L 140 90 - [IRR r2z2
Sand and gravel ar slone aggregatenondredt. ..., 140 0 -_ 0.0&
LT+ P 116 50 —_ 0.2
Masonry Units
Bhck, comman’ 20 50 — 0 - gl
Bnck, face” ... 13 an —_ 13 —



Resistance: (]

Fen Spacifie
Comdusc- Canduc- Fer inch thichress Haeat,
Denaity ity lanze  thickness Eatard Biulih)
__Dezcription B4 ] i) [1rh (UG (dwg F)
Mazanry Units (cantinued)
Clay tile, tiglicws,
Teelldesp . . . Lo 3R -_— - 125 - 0,5 [1h3
Toelld&en ... i e ... AR -_ - 0.50 -— 1.11
2rellgdBED ..o o e BN - — 0.L6 - 1.52
ZoellsdeeD .o aaaiaeee g in. — - 0.54 - 1.85
2owllsaene . .o i0in. - — 045 -~ 222
Jeelsdeds RS 1218 — —_ 040 - 250
Concrete binoks, 1hree oyl oore:
Zand and gravel aggragale . R 41 % — -_ 140 - [t ira] [
..BEln — -— 0 -— in
....... 12in - —_ ora -— 1.4
CINAer 2ggregate oy e e Jin. — — 116 - D56 021
....... A4in — — i1t - 111
- LB - — 055 - 1.7
........ 121n — — 483 - T2
Lightwkighl @ggregate . - ] ) § — -_— .73 -_— 1.27 LR
{expanded shair, clay, slate | PR I, B - — 0E&7 - 1.30
of £lag, purivicg| . P Y L — — Q.50 - 200
12w - - 044 - 237
Concrele bloc ks, rectangular carg™
Sand and graval acgregaie
cogre Rin I, ., L. — — 0.5 -— 1.4 G2
Same wikh filled caress —_ - 52 - 1.23 322
Lighiweigh| wgregate (expanded shale
Clay, SLate o Slag, pul‘ﬁlml
Goore BRI, .., — — QE1 — 165 N
Samm with filled coreg - -— -_— vl — 2.4
Toore din 200 e - - 046 - 218
Bame wilh lilled cores ™ - -— D0 — .03
icoare 12038018 | -_— — 0 A —_ 2.43
Same with fillea cores™ ... ... - — o1t — LA
Browe, ime or Bam . L. i aeaan -_ 12 50 — 0.08 — R 1]
Giypsumy, parttsan ik
Al x¥an.sold .. ..., ... - - 3] — 126 0.8
3 12 x X, 4cell - - Grd - 115
A x 12 2 Xbin, 3call - -_— & 60 - 1,57
Plastering Materials
LCement plaster, samd G3Oragate . I 116 50 - 020 — 0.20
Sand aqueEtale ... L. e QJTS II'I — - 1332 - 0.3 .20
Band agaregate . . . B.P&in — —_ 6.5 — D15 0.20
GyELUm plasier:
Llghtwe g Agyeedsate . ... ..., ... 5N a5 —_ a1z - 1]
Llghiweighi agaragate P DEZ& (L3 45 — 26T - 0.3
Lightweghi agg. an melal lm;h ............ 05N - — 213 — {a?
Frribg BRgregalte o ... i eaan 45 15 — o7 - Q.32
Sandagl;r\egate.................,..,. 4 56 - oad — Q.20
Samd agaeegale . . ... ... oL ﬁ.sm 105 - A0 -_ 0.0
Sadagaregale. .o oLl L0ESin. 105 — : R 14] — o1
Sand aggregale cnmetal talh ..o ... 0.5 in -— — T.70 — 013
WEMTTIeC UhLE G regadde .. ... ... a5 17 - 053 —
Rooding
Anbestos-camant shinghes. — arg — oz Q.24
Asphali rotirooting. .. .. ..., ... o - 650 — 015 0.3
B L LI T 1 R T - 2.7 - 0.4 430
BUbap realmg . . e s e Fi - 300 - u < ] k]
Seate . e - - x.nd — 005 03
Wood shlngles pl.am ana pl.astlc fakem Ta:ed ......... - -_ 1.06 —- 05l B3]



Resistance” (R}

Specific
Conduc- Conduc- Pt inch Heral,
Dernsity bty Lance Ihickness By
Descripton {imHIY {i} i) {1k} {deg F}
Siding Matcrials {(on Flat Surfagce)
Shingles
AEBEStDE-CEMEIL .. ... . .. caicaiimar s 13 —_ 475 - o
Wond, 16im, TEEXPISUFE . ... Lo - _— 1.15 - 0.87 4N
Wood, double, 16-in., 12N EXPOSUME, . .. .. a.ra- — — 0.B4 - 1.19 0.28
Wood, plus msul. backer board, 0.3125in. ... ... ... - - on - 1.40 0.3
Eiding
Asbeatos-cement, 325 in Kpped . . . aieaeean - - 4.76 - By 0.24
Asphaltrall Seding . ... ... . i -_— -_— 6.50 — 15 0.38
Asphalt nsdlatng siding 0.5, bed] .. 00000 — — .68 —— T.45 0.3h
wWeod, drop, TREIN. ... coiei i imirrarracrmre-- - _— 127 — 073 0.28
Wood, beved 05w B, lAFPed . . .. e ia e - - 1.23 - BT Q.28
Wood, peved 05w 100 lapped .. - — 0.95 — 1.05 0.28
wood, pywend D3TSin., lapPEd . raa i rarearran — — 150 - 050 0.2
wWood, medium density siding, 0437500 ... 40 .48 - 0E&r 028
Aluminem ar Slesl, over shedthing
Hotlow-backed .. ... . c-i . ieiian i ieaaaaa —_— — 1.61 - 06T .79
Insulalng-board backed nominal 03750k, .. .. - — 0,55 — 1.82 0.32
Irsula: ng-bpard backed nominal
OLA7S in, el backed, .o cn e e 0.34 .9
APCRIEBCINEI BlASS ... ... . s cesssanmaraarrar-- — — 10,00 — 010 0.20
Woods
Kaphs, cak_and Samhlarhardwaods oo - - 45 1.10 — 0. — 0,30
Fir, pine, and similar ofwo0ds . - corranen et a2 ol o+ - 1.26 - 0.32
N 1 STL R 32 — 1.06 - O34 033
1.5in — 0.53 - 1489
250N -— 0.32 -_ 3.2
2.5 —_ [ - 4,35
NOTES:

bt e

rEn m b

1.

Hesisiatce watues are the reciprocals of G betare rauncing ot © 1o two degimal places.

Lomductenly varies with fiber diamener, Insulaticn is produeced by dilferent dansities, tharetore, thede i a wide vanalion i {hckness hor
the sarme Hvalue among manutacioners, Wo eifor should be made ta relate any specitic B-vabse 10 @y speciic thickness. Comme ¢ al
Ihicknesses generatly avslabie ran fram 2 to 8.5,

Boes not e paper backing and lacing, o any,

values are Tor aged board 9tock.

Insulaling valwes of apouslical tibe wary, depending on density of the hoard and on type, size and depth of perlorations.

Tha .5, Department of Ciornernce, Simphified Practice Ascommendanon fer Thermal Condectance Faciors for Pretormed Abave-Theth
Fool Insulaton, Mo, R 25755, recognizes the speciuations of ogf insyulalion on the pasis of he C-vaues shown. Reot nsaten s
made In thicknesses Tt mes; (he valyes.

Fate Brick and Commen brick do not amanys have these specibc densities. When density is ditterend from thal shown, there wikl be &
change i thermal conductivily.

Cata on rectangular core concrele blocks diflar from the above data on gval core blocks, die to coee conhguiation, different mean
lempcalutes gnd posmbly differsaces in umt welghls. Weight data of 1he oval core blocks besled f¢ nol available.

werghtts of unbis approxmately ¥.E25 0. high and 15,75 in. Jong. These weighes ane given 3% a means ol describing e Biocks lested, but
conductance vahes are all 1or 1 A ol area.

venmouwing, perlite, aor mineral wool nsulation, Where insulation is used, vapor bamers or olhd precautons mosl B8 coneigernsd 1o
Kegp insylation dry.

Valums for melal S:dmg appied over Tlat surfaces wary wndely, depending on amaunt of ventilalion air Space bensath the siding. whether
air gpace i ralleative or nonreHectonz;and on thiGkness, type, and appleaticn ol iInsylaling backingboard used. Valoes Qen are
averapes for use a5 dA5ign guites, end were obbained From several guarded hotbos tests (ASTM C236) or calibwated hofbox (BEE T7) on
hollcw backed types and types mace using backing-boas of wood fiber, foamed plastic, and ghass liber, Depariures ol = 50% o more
fromm the valiMes Qiven iy QCGUr.



2. Thermal Conductivity {k) of
Indusirial Insulatior for Mean Temperatures Indicated

{Expressed in Biuhrsg, H-"Fnl

¥,
Mg Typical Conductmily &) o Mean Temp F.

Fom  Maerial Composition Ao | #s[so | zsla | 2s]sa 1 7s[1o0 [ 2oefs0 | seofroe e
Blankets & Fults
Hmer_gl Filptr
{Fock, slag o glasa)
Blankgr, metal reinforced 1200 g12 0 | Ak 0 | 06
1000 | 356 g2a | g oas | 081
Mnaral hiber, glass
Blxnket, Bexatbe, line-Tiber IED | OB D25 b6 0.3 |030 [ 033 (036 | 052
Fu
£ /8
NI
EF ;—é‘
VE/E
= f Typical Conductivity k) al Mesn Temp F.
Form  Maeral Campasition 100 | 7sfe0 [ o 250 | rsf100 | zoofs00 | soo]ma [eme
Crpanic borded 075 024 |o2s 027 029 | Q.32 (030 | 048 ’
1.0 QI |02 JO25102T7 | 026{032 | D3
15 0211027 f023)0.25 | 0.27]0.20 (03
20 O 02 | Q22025 025|026 | B33
40 19| 0.20 | 0.2 [958 | D23{0.24 | B
Biankct fexibla, taxtieSiber r 350 | 085 2t |om | pejeaq | oF)|Dae |gs5d|ose
ofgans: bomded 0.75 026 027 | 028|020 | 031022 | 048|066
10 24 |025 | 026 |02 | 0290w | 045060
15 022|023 | 924 oS 027 |02 | 039 051
3o 0.20 |92 |02 |03 ]| Gafess | 032|041
Felt, semdrigi) crganic momded 400 2 Qa4 |02 | 025|427 | 0.35 [0
Laminaed & felted i) A0 o7 |0E (09020 | ood |02F | 0| ole | 005 M ES
Without bowder 1200| 75 6.3 [ 048|060
Vegelabe & Anumal Fiber
Hastetornar onpios i | w0 | wl — T §F 1 T Jomfem[omloxw] [ F [ |
Fon  Mutwisl Compasition [ foo ) ms[s0 [ zsfo | as)so | 7s[1e0 | 2o0faea | sco]7on | mow
Blockz, Egands & Pipe nsulatian
AEbwcine
Larninaled asbasins pager o] x Ol | DS 050 | 080
Cowrugated & laminated xsbealaa
Fapeat
a-ply 30 | 11-13 D54 {057 | 062
B-phy Ro | 1517 4491451 | 0549
Boly e 047 |08 | 057
Muokicd Amosile & Bioder 1500] 1518 32 | 037 042 | 052 |0E2 | D72
A% Macmesia 600 |11-12 035 4 0.2Al0ar
Calcwum Silicate 1200 11-1 ) Q.38 | DAITO4 | DB2)00E2 | D72
1806 1218 063|074 | b
Callular Giass BOC 9 0.3z 1033|035 [o36 [0 |os]oaz | naaloss
_Dialomaceous Ellica 6 21-22 0 (088 |GT2
_ 1900 2525 0.0 |0¥s | oan
Mineval Fiber 1
Glats,

Organr bonded, biock b baards 40 310 018 QI7 DI Q18 00 022 024 035 02 0a) 0.0

BE




Typical Corguctivity (k) al Maen Temp F.

Form Mainrial Composition Aoo | 7slso | 2slo | =so | 7s[1e0 | 200[300 | soofroo | ame
Mirteml Fiber (continued)
Nonpuniing binder 1000| 310 Yozs {u [oas |osz
Fipe insulatron, slag or glass 0] 02 (02 022 023024 | 029
0| 3o o2t | 022 024 | 0250008 | 039 |00
Inorgamn; ponged-Dloek 1000|4015 03 | O3E (.45 | 055
16001524 232 | 037 [0s2 |05 foez]| o074
Fipe insulation, slag or glass 1000]10-15% 033 | 038 (D45 | D55
Fasin baneder 15 023 | o24|pos | 026 |oze | 029
Rigid Polystymene
Extruged, Relngerant 13 exp. 170 35I096 (06035 | 0G0 | 077 DA | DR |00
Extruded, Retrigerant 12 exp. 170 { 227|006 | @36 (a7 | 096007 pood D9 FO20
Extruded 170 | LB|0s7 | 048010 | baelolT |02 034 025 027
Molted beads 170 1lo48 | 020027 | 02302 | 025 0ok (o
Pohureihane®
Retngerar 1% exp P e R R R O O o
Rutiber, Rigid Foamed 155 45 o020 n | 022 jnza
Vagetabla & Anlmal Fibar
Woot lel! fpipe Insulatrn) Fwo [ 2] T T T T Tlemlewlosfeas| T 1 1 |
Insulating Cemants

Mineral Fibers

{ROck, 513, or glass)
With colloidal ctay binder 00 L2430 042 (055 ost | O.F3 0B85
With hydraulic seiting bindes 200 {548 075 jO0BO|0A5 | 0856
Loosa Fill
Callulose insulalion (milled pulver-
ized papear or wood pulp) 253 0.2 027 0.2
Mineral libsr, slag. rock or glass 25 019 | 0.21]023 (025 0.5 (028 O
PEfns [#xpanded 58 (025 | 027029 | 030|022 (034003 (037 023
Bilca derogel TE 013 | Gral0.3h |05 106 1037 Q18
Vermicu lite (expamnded) Ta.2 039 | 0407042 (044|045 047 040
46 034 |35 [0 (DA |0a2 DAk 04

NOTES: 1. These temparalures are generally accepted ac maximum. Wheh cperabing tesvperalure appooacbes Ihiese [iriks $olow the mahu-
TACLME S FECOMITEndale i,
¢ YWalyes are Ior aged bpard stk Mote: Some polywreihardg loams ars fonmed by means which producs a stable product fwilb
respect to k), bul mest are bbown with religeram and wall change with Time.

B-7



3 U Valuas ¢l Solid Wood Coars

Bru pas (hr-12F)
Wintar ST
Mo Storn Dy Shonm Door Ma Storm Dasr

Thicknaszs' Wond Matal

1in 054 e T o o861
1.25%In. 055 0.2 on 053
1.5 (.43 027 0,33 047
in, 043 o 0.29 oAz

NOTES: 1. Homsinal Ihickmess.
2. Valaks lor wood starm daors are tor approximnately 50% qlass: dor maetal storm door values apply bor amy peccent of glacs.

4. U Values oY Windows, Skytighls amd Lighl-Trangsmitting Partitions
[Theese vadpes are do7 head iransier lrom ale to a0 BTU g, 1-°F )

PART A—VYartica! Panals (Exlarior Windows, Sliding Patio Deors, and Partitions)—Flat Giass, Glass Bleck 2nd

Flazlic Shaai
Exterior'
Dapgaripton Winier Sawmamas Imiwrior
Fiat Glags®
Singie ghod 1,10 1,04 [
Irssu laihng glass—double?
01BTE-n. air apagsat .62 65 Q.8
Q25n. air space* Q.58 Q.51 Q.48
0.2min, mar Space’ Q.49 .56 046
O Emin. mar Spack. kow smillanoe coating®
e=0.20 0.2 0,38 o3k
e 040 f 038 .45 .38
ez 0K o3 331 Q.42
Inaulating glass —Inph
020510, Br SpaceE” 1k ] X T ] .58
0.5-in. BIc SRACAE" .31 o3 L]
Slorm wincows
TarL 1ok, AiF ApEcer ) 0.5 ['E™] Qi
Piesiic Shoet
Single glazed
0,125, thick 106 0.9 -
0251 thick 0,95 oy -_
0.5-in. 1rck n.81 L)
ISy lading wnil— oibia’
0. 25in, mir 3pace" D54 .56 -
0. Sy, dIF SEnLe" Q.43 05 _—
Glazs Block'
& x b dn. theck if] 0,57 [+
Bxlud i, thck 1155 0.54 DLad
—gritty canty dlivicker 0.48 046 038
12 12 d i theck 082 05n 0
—writh cavity Qevider 0,44 0.4z 0,3
12% 1222 . thick 0.8 .57 .46
PART B—Horizontal Panals [Skylighis)—Flal Ginss, Glass Block, and
Plastic Damas
Extarior!
Dcacription Wimlyr! ) Summar* vl
Flat Glass -
Singla Qiass T 0.8 .56




PAAT B—HMHorizontal Panels {Skylighis)}—Flat Glass, Glass Block, and Plasic Domes

_ Extprior
Dexcripibon Wimier Summer'™ | retrrhor
Flat Glass®
123 LN .56
Exterior
Dhp =P ey Wnler Fummiir Inlerioe
Insulating glass — double”
QBTSN aw space’ (4] aE? .62
D2%-in air space’ (B 054 Q.53
O5-in, ar spaca’ 059 K] 0,58
Q.5in, air space. low emittance coating”
e=0z0 Q.43 .36 Q.33
& cibad 052 iz 045
&= 060 .56 LX) 050
Glass Hlgok®
11351 w3 im, Thick with cawby diveder 0.53 0.3%5 Qda
12 % 12 )& im, Thick wilh cawly dindar 0.5 034 oAz
Plastic Domes'
Sngle-wal led 115 .80 —
Coowa bae-wallled w0y 1] .86 —

PART C—Adjustment Factors Jor Yaricus Window and Sliding Patic Door Types (Mulliply U Valuas in Parts A and
B by These Factors)

. Do bbe
Skngle of Trighe SixeiTa
Dwacriplion Glass Gloss Windows
Windows
Al glass 1.00 0% 100
Wiood S3sh—B0% glaag .80 D8 11,500
Woad saL —B0% ghass 080 085 OB
Metal sash—B0% glass 1.00 " 1,20
Sliding Patia Doors
Yomd frame 0.95 1006 -_
Metal I 1.0 1.0 —
MOTE: 5. Sep Part C tor adjustment Eor vargys window and skhding pabio doar 1ypees.
2. Emittance of uncaoled glass surfate « .84
3. Doulve and tniple refer te the number of hghes ol ghaos.
4. 012N glasa
E D25 in. glass.
6. Coallng on adner glass surtace facing air space, all oiher glass surfaces uncoated
7. Window design. 0.25n. gass—0.125-in, glass —0 3% in. glass.
B Dlmensions are rominal
9. For hical fiow up.
10. For hessd thowe donan.
11. Based an area of opeming, not 10% surface area,
12 Felers 1o windows wilh negigible ooague arca.
12 Vakes wilk ba Mgk Than 1hete when melsl tanh and Prame ineompordte el breiks, 0 some (tbrnal break designz, L

walwer will ke egiaal bo or kess than those lor Ihe glass. Window madulacterrers shoukd e consulled lar spacife dalr



5. Rasistance (R) Values of Alr Surtaces

Typw of Surlaca
ReRachve
Honratisctiiva Aluminum
Peealtion al DHraction ol Mulanis= Coated Pypar Highdy Plisctine
Surisca Hext Frow Rusistmo4 (A) Rt tnos A} Foll Resistanca Ry
Sl Adr
Madzontal Llpvard LLE | 1.3 132
45" slope Uprward [ 1.4 1.¥7
Yerlical Honzonial 068 145 1.70
45T alope Durwey 076 67 222
Hortmonial Chorvn 0o 270 455
Moving Adr
{amy paathon)
15 mph wind Ay 017 [winter - -
% mph wind vy 075 {Summen - -_—
6. Asslstunce (A} Valuas o! Atr Spaces
Typw of Suriacas on Oppoaha Sidas
Ahsmdnum Coarted
Baoth Suarhieai: Paparivon- Falifhon-
Poalilon of Al Nonnlectiv RAnihaciive Ratcting
amnd Dkmction ol Watwriak Matartal Mpierini
Thicknass () Hant Frow Sgpawon | Rasistencs R Rasislance (A) Repsiance (A
Hovizontal L up W oA 1.7 273
£ & o.7e a3 226
a w 0.5 199 273
4 5 OB 187 275
5" Slope E] Up L 0.5 202 27E
B 5 [:F ] 1.90 281
4 w 095 213 300
& 5 Q.82 1,92 3.00
Wertical N Hanronlal W 1.01 236 A48
£ = 0,84 b 14] 1M
d W 1.1 R 245
'] 5 0 218 LR T
45" siope a Dhere W .02 2.4 3457
¥ 5 LT ] o] 1.4
4 U] 1.08 .15 441
4 5 Q.90 250 4.3
Hunpaaty L Daywen w 152 259 .55
T4 W 114 an 574
& w 120% 02 Agd
¥ 5 0.k 2.08 s
1% 5 0.%3 2TE 524
4 5 0.9 3x a3

B-10




APPENDIX C. Performance Predictions

Residential Energy Costs

A residence's actual energy costs wilt ba iower than the
figure wou arrived at on the hedt loss workcsheet, Two fac-
1GrE regucing actual costs are intemal gains and passive
salar input. The following procedure should be foliowed.

1. agiust for imbermal gains.

Fo. of Tamily rmembers Intergain (BTUIDay)
A5, 000
£, )
80,000
100000

0 b b2

a Intemal heat gain = BLC = *F below B5*F that will
be supplied by inteme! gain. Subtraci this number
trom 65*F to determine new DD Dase,

Example: 60,000 ~-8037 =594 F
60" F — B.54"F =55.08°F

b. Refer to Appendix A for appropriate stadjon, and
dalermine now Seasonal DD based on 1he new
1smperat urs,

Example: 55.06 i5 vary close to DDSS, yelding an an-
nual adjusted QD of 6507 in Fargo.

L)

g

How.

EEeg

i
L]

m
Ln I Ln %o L i b éj 1]

Tolal Auxiiliary  MEIELAIS

Aatrallary Coan m 4200 415 0 :ﬁ%

Aucedlimry Coat = 5351 088

TEficiency faciors - Deect Gam= &

Gurmwfoguom =
Trombe Watl = 30

Yol Golar = Bu Gx M south gy « figys in maondh
Yyrmilljary Entrgy =Ex F - [
Hirtir ﬂmmﬂhzo‘fﬁcumfmngqlmin i ot e

& E F o
Ti Moty A
Ely b BLEC ﬁ
/O OBOF THTH
5 1,200 TH2 BT 4240 104
4BEIAD MY BOGT  TOELEM
1O 1522 ST BEA7
583 DS 15 SO07 6 AT Ry
BSSECD  BS6  BOAT 4SS TR
THT XX N EAET 1531 008



RESOURCE LIST.

BOOKS

Genaral Energy Concems

A Pattem Language Chrisiophar Alaxander, el al.,
Oifard University Pross, 1977,

The Handbook of Moving Alr Harrison A. Dunlavy,
American Wentilation Aasociation, 1976,

Enargy snd Foem Falph L Knowles, Tha MIT Prass,
1978

Emvargy Frimar Richard Memill, Datta Books, 1978
Gounty Ensrgy Plan Gudebook Alan Ckagaki at al.,
Instityte tor Ecoleqical Policies, 1879
Enangy-Efficiant Community Plarming Jamas
Ridgeway, The J.G, Prozs, 1975

Explédning Enemyy Lea Schipper, et al, NTIS US.
Bepariment of Commems, 186,

Enwrgy Futime Foben Slobaugh, et al, fandom
House, 1978,

Azsidential and Sclar

Tha Splar Herw Book Bruce Andarsan, Gheshire
Books, 1975

Sunaat Homecwner' s Guids to Sotsr Hexling and
Caaling Holly Lyman &ntolini, Lare: Pubhshing Co.,
1978,

The Wel-Tempomd Houss Robert amgue, Henewabie
Energy Wi Canada, 1880,

The First Pazsive Schar Catalog David Bainbridge,
Facsive Solar Instituie, 1978,

The Secorxd Passive Sciar Catalog Daved Bainbiidge,
Passive Solar Insttule, 1980

Pazsive Soiar Deslgn Hendbook, Yol Il J. Douglas
Bacomb, et al_, NTiS U5, Depariment of Commerce,
1560,

The Complete Book of Insialing Lary Gay, The
Staphen Green Press, 1980,

Tho Paasihs Sciar Energy Book Ed Mazria, Rodale
Preyg, 19749,

Rasidenilal Water Consarvition Murray M|ine, NTIS
U.S Depanment of Commaearce, 1875,

Ranicdartial Erargy Cansarvation Office of Technology
Aszsesoment, Allanheld, Qsmun and Co. Publishers,
Ing., 1580,

-1

Hew teentilons bn Low-Cosd Salar Hasting Wlliam A
Shyrciitf, Brick Housa Fublistunp Ga., 1979

Solar Hasted Hormas of Morth Amarsca YWillilam A
Shurtlitf, Brick House FPublishing Co., 1978,
Supannsulxtsd Houss: and Double Ervelope Hauses
Wiiliam A Shurciii, Willlam A, ShuercliH, 1960,

A Daslgn and Construction Handbook lor Energy
Saving Housas Abe: Wade, Rodale Press, 1980

30 Enengy EHiclent Housss . You Can Bulld Akex
Wade, et al., Rodale Prezs, 1977,

From tha Waks in Charles Wing, Atlantic Monthly
Prass 1979

Havrsl Sotar Architscturs: A Passive Primar David
Wright, Van Mostrand Rewnhaid Co., 1978,

Greanhouses

Tha Complate Groenhouss Bpok Pater Clegg, €l al.
Garden Way, 1978

Thae Survive| Gesenhouss James Dekoomne, Peace
Fress, 1978,

The Food and Haxt Frodixing Solar Gresnhouse Rich
Figher, o al., Jonn Muwir Froductions, 1580,

The Solar Gresnhouss Bopk James McCullagh, Rodala
Prasgs, 1978,

Window Insulation

Moveable Imsulation William K. Langdon, Rodale
Praas, 1980

Themal Stulters and Shacss Willlam A, Shurzlid,
Bnck House Fublishing Go., 1880

Underground and Earth Sheltered Construction

The Use of Earth Covared Huiklings Conferenca Pro-
ceedings, U.5. Govemmenl Printing Office, 1976,
The Undegrputid Houss Book Stu Campbell, Garden
Way Publishing Co.. 1980,

Enrth Shettored Housing Design The Undergrousnd
Space Cenler at the University of Minnesota, Van
Mostrand Peinhokd Co, 1978,

Undevground Daskgns Makoim Wells, Malcom Wells,
L




Commercial

ASHRAE Hawlbook of Fundementals ASHRAE staf,
ASHRAE Publicalions Depariment, 18951,

Amercan Bullding Jamss Marston Fitgh, Houghton
Mitflin, 1972,

Applications o Solar Energy for Heating and Coxling
of Bulikding= Richard L. Jordan, el al, ASHRAE
Publlcations Departmand, 1977,

Architectz and Engineers Guide 10 Energy Canserve-

tion Extsting Bulidings NTIS U5, Department aof Com-

merce, 1880,

Enargy Efficiend Buildings Walter F. Wagner, Jr.,
MeGraw-Hill Ing., 19580,

Tachnical Mobe 14: Daiails and Enginsaring Analysis

of lllinots 1o-Call Howsa lllinois Smalt Homes Councll.

Other Sources Of bnformation
And Active Organizations

Amarican Saction, L5.ES, ATL. P.O. Box 1418,
Killgan, TX 76541, $250r,

Halional Center 1or Appropriate Technology, P.O. Box
3834, Buite, MT 549701,

Small Homes Council, Rasearch Council, Univers ity of

INingis at UWbana, Champeaign, IL 61801,

Energy Research Dewelopment Group, Department of
Mechanical Engineering, University of Saskatchewan,
Saskatoon, Saskalchewan, STN QWO

Family Hpusing Hangbook by Midwest Plan Service,
Avaitablo af County Exlension Olfices.

Residential Air-To-Air Heat Exchangers
{Manufacturers snd Distributors)

Besant, RW., AS. Dumont and D, Van Ee; An air to a@ir

heat exchanger for esidences. Unversity of Saskat-
chawan, Extension Division, Saskatoon, Saskal-
chawan, Canara STH W0

Des Champs Labs inc PO, Box 348, East Hanover,
HJ 07935

G-Dot Corp., 157 Regal Row, Dallas, TX 1S5247

¥an EE, Heat Recovery Ventilation Systam

Canada - Head Oflice/Manufacturing

CES - Conservalion Enemgy Sysiems, inc

P.Cr. Box 8280, BOO Spa Dina Cres_, Fast Saskatoon,
Sask STK 606

U5A -~ Head OficeDistnibution

Sola Tech, Inc. Envimnmental Energy Systams
1325 East 7% Streat, Minnesapolis, MN 55420

The Air Changer Co., 24 King 5t E., Toronto, Ont. M54

IKE CANADA

Aldes Riehs, Box 157, Glenfiek! Rd_, Sewickley, PA
15143

Bermer InL Comp., 12 Soth R, Woburm, MA Q1800

Biackhawk Indusiries, ine., 607 Park St., Regina,
Saskatchewan S4N SW|

Ener Comp., Management Lid_, 2 Donald 5t., Winnlpey,
Man. R3L OKS CAMNADA

Mitsubisni Electric, Sales America, 3030 E. Victoria
&1, Compton, GA 90221

The Air Changer Co_ Lid.| 334 King S1. E, Toromto,
Ont. CANADA KSA 1KB

Haat X Changar, EER Products, Ing., 1526 Fast 28
SMreel, Minneapolis, MN 55406

Xchange Air, Sclartrenics, Inc., P.O. Box 534, Fargo,
ND 58107

Van EE, Sokalech, Inc, 1325 East 79 Street, Min-
noapotis, MM 55420

Barn Ventilation Heat Exchangers

Aercent Fan & Equipment Coo, 929 Terminal Road,
Langing, M} 48806 (517 3232830

JLCO, Inc., Box D, Dassel, MM 55325 (513 2753373
Del Al Systems Lid., PO, Box 2500, Humboldt, Sask,
S0K ZAD

HyTemp Manufaciunng, 3035 Saraloga 5t, Omaha, HE
68111 BOU-228- 7250

Blackhawk Incustries, Inc., BOF Park S5t, Bagina, Sask
(306) 3241531

Agri-Aide, Box 241, Glenwood, MN 56334 (610
EM-51BB

Ray Dot, 145 Jackson Avenue, Cokatg, MN 55321 (613
MB8-2103

Velagr, Inc., 1445 South Third Street

Nilas, MI 48120 (B16) 6044348

Exterior Insutation Systems

Dryvil Systemns, Inc., 470 Lincaln Ave. Warwick, R}
G2R08 (#01) 4627150,

Comgo Industries (SETTEF), Chemical Specialities
Group, 126 Aoberts Bd., Waltharm, WA 02154,

$617) B99-3000

InsuiCrete Co., Inc., 4311 Triangis St McFanang, Wi
53554, () E38-4541.

Interior Bonded Insulation Systems

R Max Inc., 13524 Welch Ad,, Dallag, TX 75240,

{214} 387-4500.

Panei ERA, 3447 S, Main 5t., Salt Lake City, UT B4115,
B01) I72-3064.



SOME SOURCES OF ENERGY EFFICIENT HOUSE PLANS

4. Extension Agricottural Engineering, NMDSU, Fargo,
MNorth Bakota S8105. Plans provided from 1he LUSDA,
show general construction, floor plan, aeic. Energy con-
servation house plans include howse construction
rezaarch. MWPS-16. "Family Housing Handbook™ is
being revised and 1971 edition s available,

2. Minnesota Stata Documents, 117 Univarsity Ave,, 5t.
FPaul, Minnasota 55155 (G12/297-3000). Have four
special plans available {($25.00 per set)} on Superin-
sulated homes including NMorthem States Power
“Narthstar” hame. A description leaflet is available on
these plans. A publication entitleg “Prototype Ventila-
tion Systam for Supesrinsglated Houses U=ing Forced
Air Duct System™ is available at $34.00 per copy.

3. Hormme Planners, inc., 23761 Resaarch Drive, Farm.-
ington Hills, Michigan {(1-800/S2T-67397) advertises
several hundred housepians adaptabile to energy con-
servation construction. Plan cost begins at $95.00 per
sot. Dascription eaflets are available.

4. HNational Genter for Appropnate Technology, Publica
tion Division, Box 3838, Butte, Montana 59702
{406/ 434-457 7). Have two plans for construction of
supsrinaulated housos for cold climate. $375.00 per
plan for large sheets, 250,00 per plan for small sheets
A description brochure (s avalable.

5. Iorwra Energy Policy Council, Lucas State Office
Buailding, Sixth Floor, Des Moinas, 1A S0319.

&, Pepartment of Energy and Naturat Resources, Energy
Information Clearing Houses, 325 West Adams Street,
Springfietd, lllinois B2F06 (2177852200

7. Superinsulation Designs, Corbett'Hanson and
Asscciates, P.O. Box 3706, Butte, Mantana 59702
{06/ 494 - 2507

8. Agricultural Engineering Section, Extension Service,
Sazskatcheawan Agriculture, 3085 Atbert Street, Regina
Saskatchewan, Ganada 545-08B1 {306/TE7-G584). Two
publications available, "Quidelines for Planning the
Rural Home" and “Floor Plans for Rural Living,”” at no
charge.
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